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IN  VIGMORy  OP  ACADEMICIAN  So  I.  VAVILOV 


•The  untimely  death  of  Academician  SoI«Vavilov  is  a  serious  loss  for  the 
entire  Soviet  people.  In  him  our  fatherland  has  lost  an  outstanding  statesman, 
a  highly  gifted  scientist,  and  an  ardent  propagandist  of  the  great  ideas  of 
communism. 

5. 1.  Vavilov  was  horn  in  Moscow  in  189I0  In  I909  he  matriculated  in  the 
Physical-Mathematical  Faculty  of  the  University  of  Moscow  and  in  his  second 
year  began  experimental  work  in  the  laboratory  of  the  brilliant  Russian  phys¬ 
icist  P.N. Lebedev,  The  research  paper  written  by  S. I, Vavilov  during  his  stud¬ 
ent  days  on  ''The  Thermal  Fading  of  Dyestuffs"  won  him  the  gold  medal  of  the 
Society  of  Friends  of  Natural  Sciences  of  the  University  of  Moscow, 

As  one  of  the  most  highly  gifted  students,  S. I. Vavilov  was  given  the 
opportunity  of  doing  graduate  work  at  the  university  in  preparation  for  a  scien¬ 
tific  career,  but  he  turned  down  an  offer  of  this  sort.  The  reason  for  his  re¬ 
jection  of  the  offer  was  the  mass  exodus  of  the  most  progressive  scientists  of 
the  time  from  the  university.  Including  his  own  teacher,  P.N. Lebedev,  in  protest 
against  the  persecution  of  progressive  professors, 

5. 1,  Vavilov  was  in  military  service  from  191^  to  I918,  He  fought  in  World 
War  I ^first  as  a  sapper  and  toward  the  end  of  the  war  as  assistant  to  the  com¬ 
mander  of  a  radio  divisfon.  Sergei  Ivanovich  carried  out  important  researches 
in  radio  physics  under  difficult  front-line  conditions. 

After  his  return  from  the  front,  Vavilov  concentrated  wholly  or;  scientific 
research  and  teaching.  His  life  and  career  during  the  twenties  were  associated 
with  the  major  scientific  and  educational  institutions  pf  Moscow;  the  University 
of  Moscow,  the  Bauman  College  of  Engineering,  and  the  Institute  of  Physics  and 
Biophysics,  It  was  during  these  years  that  he  established  the  fundamental  laws 
of  luminescence  and  proposed  its  practical  utilization,  including  the  manufac¬ 
ture  of  luminescent  lamps,  in  particular.  At  the  same  time,  Vavilov  proved  to 
be  a  talented  polularizer  of  science. 

The  election  of  S, I, Vavilov  as  corresponding  member  of  the  USSR  Academy 
of  Sciences  in  1931  waf  in  recognition  of  his  scientific  achievements)  he  was 
elected  to  full  membership  in  the  USSR  Academy  of  Sciences  in  1932, 

It  was  in  that  same  year  1932  that  he  became  head  of  the  Physical  Section 
of  the  Institute  of  Physics  and  Mathematics  of  the  USSR  Academy  of  Sciences  at 
the  request  of  V.L, Komarov,  at  that  time  vice-president  of  the  Academy  of  Sciences. 

It  was  from  this  time  on  that  the  role  to  be  played  by  S. I, Vavilov  in  the 
organization  of  Soviet  science  became  strikingly  clear.  Starting  with  a  tiny 
physical  laboratory,  he  set  up  the  P.N, Lebedev  Institute  of  Physics  within  the 
framework  of  the  USSR  Academy  of  Sciences,  which  is  one  of  the  leading  scien¬ 
tific  institutes  in  our  country. 

In  June,  19^5^  S, I. Vavilov  was  elected  president  of  the  USSR  Academy  of 


Sciences.*  In  this  high  post,  as  an  organizer  of  scientific  research,  he  proved 
himself  to  he  fully  worthy  of  the  great  confidence  placed  in  him  by  the  Party 
and  the  government.  He  gave  all  of  his  energy  to  the  profound  and  .many sided 
development  of  advanced  Soviet  science  in  the  Stalinist  epoch,  resolving  the 
scientific  problems  involved  in  the  achievement  of  the  great  task  of  construct¬ 
ing  communism  in  our  country. 

*  VaVilov's  activity  during  this  period  was  astonishingly  far-ranging  and 
manysided.  He  was  president  of  the  USSR  Academy  of  Sciences,  president  of  the 
Committee  to  Coordinate  the  Scientific  Work  of  the  Academies  of  Science  of  the 
Union  Republics,  editor-in-chief  of  the  Great  Soviet  Encyclopedia,  and  director 
of  the  Institute  of  Physics  of  the  USSR  Academy  of  Sciences^  though  this  by  no 
means  exhausts  the  enumeration  of  the  posts  he  occupied.  Vavilov  managed  to 
combine  an  extraordinary  amount  of  scientific  organizing  work  with  his  own  scien¬ 
tific  research.  During  the  thirties  and  the  forties  he  developed  the  theory  of 
the  extinguishing  of  luminescence  by  foreign  bodies  and  the  theory  of  concen¬ 
tration  extinguishing,  and  suggested  new  interference  and  polarization  methods 
of  investigating  elementary  radiators;  together  with  his  pupils  he  discovered 
and  investigated  a  new  form  of  luminescence,  arising  when  electrons  move  in  a 
medium  at  velocities  in  excess  of  the  velocity  of  light;  he  studied  the  nature 
of  the  quantum  fluctuations  of  light;  and,  finally,  luminescent  lamps  were  de¬ 
veloped  and  manufactured  under  his  supervision. 

In  a  chemical  journal  it  is  appropriate  to  make  special  mention  of  Vavi¬ 
lov's  contributions  to  chemical  science.  The  results  of  Vavilov's  initial  re¬ 
searches,  dealing  with  the  photochemical  and  thermal  fading  of  dyestuffs,  have 
become  part  of  all  monographs  on  photochemistry.  The  polarization  methods  pro¬ 
posed  by  him  for  studying  the  anistropy  of  complicated  organic  molecules,  which 
were  extensively  developed  in  the  work  of  his  pupils,  are  being  successfully 
employed  by  numerous  research  workers.  His  theory  of  the  migration  of  energy 
between  molecules  in  solutions  is  of  considerable  Importance  in  biology  as  well 
as  in  chemistry. 

As  far  back  as  the  twenties,  Vavilov,  together  with  V.L.Levshin,  intro¬ 
duced  the  concept  of  the  metastable  state  of  organic  molecules,  which  has  be¬ 
come  of  such  importance  in  chemistry  in  recent  years.  The  researches  of  Vavilov 
and  his  pupils  on  the  extingd'ishing  of  the  fluorescence  of  solutions  by  foreign 
substances  have  made  it  possible  to  provide  an  answer  to  one  of  the  most  dif¬ 
ficult  problems  in  chemical  kinetics;  how  should  the  number  of  effective  collis-^ 
ions  between  reacting  molecules  in  solutions  be  computed? 

As  a  man  of  profound  and  manysided  culture,  S. I. Vavilov  not  only  made  a 
thoroughgoing  study  of  the  great  doctrine  of  Lenin  and  Stalin,  but  employed  it 
creatively.  Some  of  Vavilov's  most  Important  papers  deal  with  problems  of  phil¬ 
osophy,  history,  and  methodology  of  science.  An  ardent  patriot,  Vavilov  fought 
for  the  priority  of  his  own  country's  science. 

S. I .Vavilov  won  the  love  and  respect  of  the  tollers j of  our  country  by  his 
supreme  services  to  this  people  and  to  the  great  cause  of  communism.  He  was  a 
deputy  to  the  Supreme  Soviet  of  the  RSFSR  and  the  Supreme  Soviet  of  the  USSR 
and  a  deputy  of  the  Moscow  and  Leningrad  City  Soviets. 

The  Soviet  government  regarded  the  outstanding  services  of  Academician 
S. I, Vavilov  to  his  country  highly.  Vavilov  was  twice  awarded  the  Order  of  Lenin 
and  was  awarded  the  Order  of  the  Red  Banner  of  Labor  and  medals  of  the  Soviet 
Union,  He  was  twice  awarded  the  Stalin  Prize  for  his  scientific  achievements. 


B.Sveshnikov  / 


me  RATB  OP  SOLOTIOiV  AND  THE  POreNIIAL  OP  DISSOLVED  IRON 

Ya.,  Vo  Durain  ana  Mo  A.  Oranskaya 


In  our  previous  paper  [i]  we  puTDlislied.  "the  results  of  our  investigation 
of  the  rate  of  solution  and  the  potential  of  dissolving  chromium  in  hydrochloric 
and  sulfuric  acids.  The  present  research  was  undertaken  with  a  view  to  learning 
how  far  the  behavior  patterns  observed  in  the  dissolution  of  chromium  hold  good 
for  the  dissolution  of  other  metals. 

Thanks  to  the  researches  of  M.  Tsentnershver  on  the  rate  at  which  cadmium, 
tin,  and  aluminum  dissolve,^  we  were  able  to  assert,  at  the  time  this  investiga¬ 
tion  was  carried  out,  that  the  representative  type  of  relationship  derived  by 
us  for  the  rate  of  solution  of  chromium  as  a  function  of  the  concentration  of 
hydrochloric  acid  was  qualitatively  analogous  to  the  corresponding  relationship 
derived  by  Tsentnershver  for  the  rates  at  which  the  above-mentioned  metals  dis¬ 
solve  [3]. 

Tsentnershver ' s  data  on  the  rate  of  solution  of  iron  carbonyl  did  not  en¬ 
able  one  to  estimate  the  variation  of  this  rate  with  the  acid  concentration  [4]. 

An  exponential  equation  expressing  the  variation  of  the  rate  at  which  iron 
dissoTves  with  the  concentration  of  hydrochloric  acid  was  derived  by  Conroy  [5]. 

A.Sieverts  and  P,  Lueg  [e]  made  a  study  of  the  dissolution  of  iron  wire  in 
4  N,:  5  N,  and  6  N  hydrochloric  acid  and  in  4  N  and  8  N  sulfuric  acid  and  came  to 
the  conclusion  that  the  rate. at  which  iron  dissolves  in  hydrochloric  acid  is 
proportional  to  )^,  while  in  sulfuric  acid  the  rate  is  proportional  to 

somewhat  less  than  the  first  power  of  the  acid  concentration. 

Owing  to  the  primitive  methods  employed,  however,  we  were  unable  to  regard 
the  results  of  these  investigations  as  any  more  than  rough  approximations.  S. 
Ram,  in  his  investigation  of  the  rate  at  which  low-^carbon  iron  dissolves  in  sulf¬ 
uric  acid,  found  that  the  rate  of  solution  of  iron  rises  approximately  propor¬ 
tionally  to  the  acid  concentration  in  the  region  of  moderate  concentrations  of 
sulfuric  acid.  At  high  concentrations  I6  N  H2SO4)  the  rate  at  which  the 

iron  dissolves  drops  sharply,  the  iron  becoming  passive  [7]. 

Damon,  in  his  investigation  of  the  dissolution  of  steels  containing  various 
percentages  of  carbon  in  sulfuric  acid,  reached  a  similar  conclusion,  [s]. 

Closest  to  our  research  is  the  investigation  made  by  A.I.  Krasilshchikov  [9],  who 
made  a  study  of  the  rate  at  which  commercial  sheet  iron  dissolves  in  hydrochloric 
and  sulfuric  acids  at  concentrations  ranging  from  IN  to  10  N.**  The  general 
nature  of  the  expression  for  the  variation  of  the  rate  of  solution  of  iron  with 

This  investigation  was  completed  before  the  war,  part  of  it  having  been  published  in  the  Scientific  papers 
of  Leningrad  state  university  for  1940  L^J . 

As  well  as  in  nitric  acid  in  which  the  controlling  factor  in  the  kinetics  of  the  dissolution  of  iron 
appears  to  be  the  diffusion  process. 
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the  concentration  of  hydrochloric  or  sulfuric  acid  derived  hy  that  author  is 
close  to  what  we  derived  for  chromium  as  well  as  for  Iron^ 

Unfortunately,  in  nearly  all  these  investigations  of  the  rate  of  solution 
of  iron,  the  rate  was  determined  by  the  gravimetric  method,  i,e.,  by  the  loss 
of  weight  of  the  metal  throughout  the  experiment,  and  hence  represents  merely 
the  average  rate  applying  to  the  whole  test.  Owing  to  the  differences  in  the 
length  of  the  induction  period  at  various  acid  concentrations,  this  rate  may  dif¬ 
fer  considerably  from  the  iron  solution  rate  for  a  stationary  state »  Moreover, 
in  these  researches  no  Investigation  was  made  of  the  effect  of  stirring  the  solu¬ 
tion  upon  the  rate  at  which  the  iron  dissolves,  nor  (what  is  particularly  vital 
for  us)  was  the  potential  of  the  dissolving  iron  measured.  We  therefore  believe 
that  the  data  we  obtained  on  the  solution  rate  and  on  the  potential  of  dissolving 
iron  are  not  without  interest  even  today. 

1.  Experimental  method.  The  experimental  method  employed  in  this  research 
was  essentially  similar  to  the  method  described  in  our  previous  reports  .on  mag¬ 
nesium  [lo]  and  chromium  [i].  We  might  mention  that  the  rate  at  which  the  iron 
dissolved  was  measiired  in  the  same  reaction  vessel,  with  a  capacity  of  1. 5  liters, 
in  which  the  solution  rate  of  chromium  had  been  measured^  we  shall  therefore  dis¬ 
cuss  at  this  point  merely  some  features  that  were  specifically  characteristic 
of  the  present  research. 

In  this  research  we  investigated  the  rate  of  solution  and  the  dissolution 
potential  of 'Armco_iron  containing  the  following  impurities. ° 

C  0.017^  Si  0.02^  Mn  0.0006^  P  0,01^  S  - 

For  the  sake  of  comparison  we  also  investigated  the  rate  of  solution  of 
commercial  light  sheet  irbn. 

We  prepared  plates  1.5  x  2o0  cm  in  size'*  for  these  tests,  the  plates  being 
affixed  to  a  metal  holder  by  dental  cement  as  described  in  our  paper  on  chromium. 
The  back  and  the  edges  of  the  plate,  as  well  as  the  dental  cement,  were  covered 
with  bakelite  lacquer,  which  was  polymerized  as  described  in  oiir  paper  on  chrom¬ 
ium.  The  front  surface  of  the  plates  was  cleaned  with  fine  glass  paper.  It 
should  be  noted  that  the  plates  of  Armco  iron  were  about  7  nim  thick.  Because  of 
this  appreciable  thickness,  the  basic  series  of  tests  using  Armco  iron  was  per¬ 
formed  on  a  siqgle  plate.  The  plates  made  of  light  sheet  iron  were  used  up  in 
one  or  two  tests  as  a  rule.  Connection  to  the  potentiometer  circuit  was  made  at 
the  upper  edge  of  the  plate  by  means  of  a  copper  wire  soldered  to  the  upper  edge 
of  the  iron  plate,  which  was  under  a  glass  bell  and  was  insulated  from  the  acid 
solution  by  the  dental  cement  and  bakelite  lacquer,  the  end  of  the  wire  being 
led  out  through  the  inner  tube  of  the  metal  holder  as  described  in  our  previous 
paper  on  chromium. 

The  solutions  were  prepared,  as  in  our  research  on  chromium,  with  chemically 
pure  hydrochloric  acid  and  sulfuric  acid  "pure,  for  analysis".  All  the  basic 
tests  were  run  at  a  temperature  of  60  +  0.2*.  We  chose  so  high  a  temperature 
because  the  rate  at  which  Armco  iron  dissolved  at  lower  temperatures  was  too  low. 

The  units  used  in  measuring  the  rate  of  solution  of  iron  and  its  potential 
were  the  same  in  this  research  as  in  our  research  on  chromium,  i.e.,  the  solution 
rate  is  expressed  in  cubic  centimeters  of  hydrogen  evolved  per  sq.  cm.  of  metal 
surface  per  minute.  The  potential  is  expressed  in  millivolts  against  a  saturated 
calomel  electrode,  its  sign  being  taken  as  plus  (+).  The  intensity  of  stirring 
was  indicated  by  the  stirrer  rpm  (w). 


Bie  Armco  iron  we  used  originally  had  the  shape  of  round  rods  12  mm  in  diameter,  in  preparing  the  plates 
these  rods  were  first  flattened  out  on  an  anvil,  after  which  the  plates  were  given  a  rectangular  form  hy 
means  of  a  file,  itie  surface  was  given  a  final  treatment  with  fine  glass  paper. 
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2.  Variation  of  the  solution  rate  and  of  the  potential  of  dissolving  iron 
with  the  dissolution  -Clme.  The  curves  illustrating  these  functions  are  given  in 
Figs.  1-^0  In  these  figures,  the  iron  dissolution  time,  reckoned  from  the  instant 
the  metal  was  immersed  in  the  solution,  is  plotted  along  the  axis  of  abscissas. 

The  values  of  the  dissolution  rate,  v°100,  and  the  potential  of  the  dissolving 
iron  are  plotted  along  the  axis  of  ordinates. 

In  all  the  figures  the  potential  curves  are  denoted  by  digits  with  a  prime 
(’),  the  solution  rate  curves  being  denoted  by  digits  without  a  prime.  Figure 
1  Illustrates  the  dissolution  of  light  sheet  iron  in  hydrochloric  acid,  Ciirves 
1  and  1'  representing  the  dissolution  of  the  light  sheet  iron  in  3»5  N  hydrochlor¬ 
ic  acid,  while  Curves  2  and  2'  represent  its  dissolution  in  10  N  hydrochloric 
acid.  Inasmuch  as  the  rate  at  which  iron  dissolves  in  the  10  N  hydrochloric  acid 
is  much  higher  than  the  solution  rate  in  the  3<>5  N  acid,  different  scales  are 
employed  for  Curves  1  and  2  in  Fig.  1.  The  solution  rates  are  laid  off  as  ordin¬ 
ates  at  the  left  for  Curve  1,  those  for  Curve  2  being  laid  off  at  the  rights 
similarly,  the  scale  for  Curve  1  is  laid  off  in  hours  along  the  axis  of  abscissas, 
while  that  for  Curve  2  is  laid  off  in  minutes.  Figure  2  gives  the  curves  for 

two  tests  of  the  dissolution  of  the  same 
light  sheet  iron  in  sulfuric  acid.  Curve 
1  representing  a  test  in  2  N  sulfuric  acid, 
while  Curve  2  shows  a  test  using  8  N  sulf- 


Fig.  1,  Fig.  2, 


uric  acid.  The  curves  in  Fig.  3  illustrate  the  dissolution  of  Armco  iron  in  hyd¬ 
rochloric  acid,  while  the  curves  in  Fig,  4  show  the  behavior  of  the  same  Armco 
iron  in  sulfuric  acid.!  Wtien  we  inspect  Figs,  1  and  2,  we  see  that  a  constant  rate 
of  solution  is  not  established  at  once  when  light  sheet  iron  is  dissolved  in  hyd¬ 
rochloric  or  sulfviric  acid.  At  the  start  of  the  test  there  is  a  characteristic 
induction  period,  during  which  the  solution  rate  rises.  The  potential  of  the  dis¬ 
solving  Ijight  sheet  iron,  on  the  other  hand,  drops  during  this  period  by  about 
20-30  millivolts.  Hence,  at  the  beginning  of  the  test,  the  potential  and  the  rate 
of 'Solution  of  light  sheet  iron  move  in  opposite  directions.  It  might  also  be 
noted  that  in  the  test  represented  by  the  Curves  of  Fig,  2,  the  dissolution  of  the 
light  sheet  iron  was  effected  at  various  stirring  speeds,  to  wits  at  (•)=  550  >pm 
to  begin  with,  then  at  w  =  o  ^  and  again  at  u  =  550  rpm  toward  the  end  of  the  run. 
Th#k  cilrves  of  Fig.  2  indicate  that  a  change  in  the  rate  at  which  the  solution  is 
stirred  has  no  perceptible  effect  upoh  the  rate  at  which  light  sheet  iron  dis¬ 
solves  in  sulfuric  acid  or  upon  its  potential.  In  general,  we  may  state  that  the 
state  of  affairs  observed  in  the' dissolution  of  light  sheet  iron  in  hydrochloric 
acid  as  well,  as  in  sulfuric  acid  is  comparatively  simple.  The  behavior  patterns 


exhibited  by  the  Armco  iron  are  more  complex.. 

In  Fig.  Z>i  Curve  1  represents  a  test  of  the  dissolution  of  Ariuco  iron  in 
9  N  hydrochloric  acid.  Curve  2  representing  its  dissolution  in  7 <>5  N  hydrochloric 
acid,  and  Curve  3  representing  its  dissolution  in  the  same  N  hydrochloric 
acid,  but  at  30" .  The  curves  in  Fig.  3  indicate  that  the  length  of  the  induc¬ 
tion  period  may  vary  verywidely  for  the  dissolution  of  Armco  iron  in  hydrochloric 
acid,  the  variation  being  independent  of  the  acid  concentration.  Curve  3^  for 
example,  exhibits  an  induction  period  of  the  order  of  20-30  minutesj  in  the  test 
represented  by  Curve  2  the  induction  period  was  still  shorter 5  in  the  test  repre¬ 
sented  by  Curve  1,  on  the  other  hand,  the  induction  period  was  very  long,  some 
3  hours,  despite  the  high  acid  concentration,  (The  time  values  laid  off  on  the 
axis  of  abscissas  must  be  multiplied  by  two  for  this  cxrrve.) 

When  we  turn  to  sulfuric  acid,  the 
state  of  affairs  prevailing  in  the  dis- 


Fig.  3o  Fig.  4. 

complicated.  When  Armco  iron  is  dissolved  in  sulfuric  acid,  the  rate  of  solu¬ 
tion  drops  rather  than  rises  at  the  start  of  the  test.  It  usually  reaches  a 
constant  value  after  a  certain  Interval  of  time  has  passed,  but  the  curve  is 
hard  to  reproduce.  In  some  tests  the  solution  rate  seemed -to  reach  a  constant 
value,  but  then  it  suddenly  began  to  drop,  falling  to  zero.  Curve  1  in  Fig.  4 
represents  a  test  of  this  sort,  Ciirve  2  in  that  figure  represents  a  test  in 
which  no  such  drop  was  observed. 

It  should  likewise  be  observed  that  the  sulfuric  acid  concentrations  were 
fairly  close  in  the  tests  represented  by  Curves  1  and  2  in  Fig.  4,  being  10  N 
for  Curve  2  and  9  N  for  Curve  1,  which  clearly  proves  that  the  rate  at  which 
the  Armco  iron  dissolved  was  greatly  diminished  in  the  test  represented  by  Curve 
1.  Thus,  phenomena  resembling  passivation  are  observed  in  the  dissolution  of 
Armco  iron  in  sulfuric. acid,  though  these  phenomena  do  not  involve  correspond¬ 
ing  abrupt  changes  in  the  potential  of  the  dissolving  metal.  As  Curve  2  in  Fig, 

4  indicates,  stirring  the  solution  has  no ^appreciable  effect  upon  the  rate  of 
dissolution  or  upon  the  potential  of  the  Armco  iron  as  it  dissolves  in  sulfuric 
acid. 

3,  Temperature  coefficient  of  the  rate  at  which  iron  dissolves.  The  data 
on  the  temperature  coefficient  of  the  rate  of  solution  of  iron  are  listed  in 
Table  1  and  2,  Table  1  referring  to  the  dissolution  of  Armco  iron  in  hydrochloric 
acid,^  while  Table  2  gives  the  data  for  the  dissolution  of  light  sheet  iron  in 
—  —  —  —  —  —  —  —  —  —  —  —  —  —  — 

Hie  temperature  coefficient  of  the  rate  at  which  Armco  iron  dissolves  in  sulfuric  acid  was  not  determined 
because  of  the  poor  reproducibility  of  our  data  from  the  rate  solution  of  Armco  iron  in  sulfuric  acid 
discussed  above. 
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sulfuric  acid.  In  these  tables,  C  denotes >the  acid  concentration;  E  is  the  crit¬ 
ical  increment  of  the  solution  rate;  a'Jb  is  the  temperature  coefficient  of  the 
solution  rate,  expressed  in  per  cent  per  degree;  Zt+ioAt  ratio  of  the 

solution  rates  at  t  +  10*  and  t“.  The  values  given  in  these  tables  for  the  solu¬ 
tion  rates  at  60*  are  taken  from  the  curves  in  Figs,  5  and  6,  while  the  values 
for  the  rates  at  40,  and  70“  represent  data  obtained  in  special  tests. 


TABLE  1 


Temperature  Coefficient  of  the  Rate  of  Solution  of  Armco  Iron  in  HCl 


1 

2 

3 

4 

5 

6  • 

7 

8 

c 

t* 

(i) 

v»100 

E 

vtfioAt 

Tmv 

9.1  { 

60* 

40 

600 

600 

80 

22,1 

15200 

6,4 

1,91 

470-480 

470 

7.5  { 

60 

50 

600 

600 

36.1 

21.0 

13000 

6,3 

1.85 

470 

468.. 

6.0  1 

60 

50 

600 

600 

15,0 

8,1 

15000 

6.3 

1.85 

470 

460 

The  data  in  Table  2  indicate  that  the  temperature  coefficient  of  the  rate  at  which 
light  sheet  iron  dissolves  in  sulfiiric  acid  is  a  typical  value  for  the  tempera¬ 
ture  coefficient  of  the  rate  of  a  chemical  reaction.  The  temperature  coefficient 
of  the  rate  at  which  Armco  iron  dissolves  in  hydrochloric  acid  is  somewhat  lower, 
but  it  is  still  rather  far  from  the  temperature  coefficient  of  processes  whose 
rate  is  governed  by  the  rate  of  the  diffusion  process.  Column  8  in  Tables  1  and 
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TABLE  2 


Temperature  Coefficient  of  the  Rate  of  Solution  of  Light  Sheet  Iron 

in  H2SO4 


1 

2 

I 

5 

4 

5 

6 

7 

8 

c 

t* 

(t) 

v-lOO 

E 

vt+io/v.t 

cpmv. 

60 

50 

550 

550 

42.5 

19  =  2 

16,800 

7.9 

2,2 

455 

460 

2 

ri 

i 

60 

70 

550 

550 

12.4 

28.5 

19 « 500 

8,5 

2,3  j 

00  CO 

2  gives  the  values  of  the  potential  of  the  iron  dissolving  at  the  given  tempera¬ 
ture.  The  figures  in  this  column  indicate  that  the  potential  of  the  dissolving 
iron,  measured  against  a  saturated  calomel  electrode,  hardly  varies  with  tempera¬ 
ture,  the  fluctuations  lying  within  the  limits  of  experimental  error.  It  may  be 
said  that  the  drop  in  potential  corresponding  to  a  temperature  drop  of  10*  seems 
to  be  roughly  10  millivolts, 

4,  Effect  of  stirring  the  solution  upon  the  rate  at  which  iron  dissolves 
in  hydrochloric  and  sulfuric  acids.  As  we  stated  during  our  discussion  of  Figs. 

2  and  4,  the  rate  of  solution  of  iron  —  both  the  Armco  iron  and  the  light  sheet 
iron  -  in  sulfuric  acid  is  wholly  independent  of  the  rate  at  which  the  solution 
is  stirred.  A  slight  effect  of  the  stirring  rate  upon  the  solution  rate  of  the 
iron  was  observed,  however,  in  the  hydrochloric  acid.  Table  5  illustrates  the 
extent  of  this  effect. 

The  first  column  of  this 
table  gives  the  concentra¬ 
tions  of  the  hydrochloric  acid, 
the  others  giving  the  rate  at 
which  the  iron  dissolves  in  this 
acid  at  the  stirrer  rpm,  w  , 
given  in  the  top  line.  We  see 
from  this  table  that  at  high  con¬ 
centrations  of  hydrochloric  acid, 

7  N  and  more,  stirring  the  solu¬ 
tion  increases  the  rate  of  solu¬ 
tion  of  the  Armco  iron  slightly. 

This  inccrease  in  the  rate  is  so 
slight,  however,  that  the  only 
thing  we  can  remark  with  any  certainty  is  a  difference  in  the  rates  of  solution 
between  stirring  and  the  absence  of  any  stirring,  this  change  in  the  rate  total¬ 
ing  only  10-15^. 

Such  a  change  in  the  rate  is  close  to  the  magnitude  of  experimental  error; 
it  may  be  noted,  however,  when  we  compare  the  solution  rates  obtained  at  differ¬ 
ent  values  of  w  diiring  a  single  test.  In  the  case  of  Armco  iron,  all  the  figures 
in  Table  5  that  lie  on  the  same  horizontal  line  represent  the  data  secured  in  a 
single  test.  Curves  1  and  2  in  Fig.  3  represent  tests  of  this  sort  (the  effect 
of  stirring  was  somewhat  more  than  usual  in  the  test  represented  by  Curve  2). 

With  the  light  sheet  iron,  it  was  only  at  moderate  concentrations  of  hydro¬ 
chloric  acid  that  we  were  able  to  measure  the  solution  rate  at  various  values  of 
w  in  a  single  test;  as  Table  5  indicates,  the  rate  at  which  light  sheet  iron  dis¬ 
solved  was  not  affected  by  the  stirring  rate.  In  concentrated  solutions  of  hydro¬ 
chloric  acid  the  plates  of  light  sheet  iron  dissolved  too  fast  for  us  to  be  able 


C 

(0 

rpm /min 

0 

400 

600 

80b 

4.0 

2.3 

— 

— 

2,3 

i 

5.0 

5.5 

- 

- 

4,8 

Armco 

7.2 

29 

34 

- 

34 

iron 

9.1 

68 

81 

83 

80 

9»9 

103  1 

117 

“ 

117 

Light 

sheet 

iron 

10 

19^5 

(400)1 

19 . 5 

(405)  i 

(445) 

- 
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to  measure  the  rate  of  solution  at  more  than  one  value  of  w  in  any  single  test. 
When  we  compared  the  rates  of  solution  of  light  sheet  iron  in  10  N  HCl,  as  ob¬ 
tained  'in  different  tests  at  different  values  of  w,  we  found  that  the  rate  in¬ 
creased  somewhat  as  w  was  raised,  as  is  seen  in  Table  3o  It  is  possible,  however, 
as  we  just  said,  that  this  effect  is  the  result  of  nothing  but  the  experimental 
error.  In  any  case  we  may  state  that  here,  too  the  effect  of  stirring,  if  any, 
is  extremely  small. 

3.  Variation  of  the  rate  of  solution  and  of  the  potential  of  the  dissolv¬ 
ing  iron  with  the  concentration  of  hydrochloric  and  sulfuric  acid.  The  curves 
representing  these  functions  are  shown  in  Figs.  5  and  6,  the  curves  shown  in 
Fig.  5  representing  the  dissolution  of  Armco  iron,  while  the  curves  in  Fig.  6 
represent  the  dissolution  of  light  sheet  iron. 

Inspection  of  these  curves  demonstrates  that  the  rate  of  solution  of  the 
Armco  iron  and  of  the  light  sheet  iron  rises  very  rapidly  with  the  concentration 
of  hydrochloric  acid,  being  a  modulus,  as  it  were,  of  this  concentration.  In 
the  case  of  sulfuric  acid,  the  increase  in  the  rate  of  iron  solution  with  the 
acid  concentration  is  much  slower,  the  rate  of  dissolution  being  close  to  a  linear 
function  of  the  acid  concentration.  Hence,  the  underlying  nature  of  the  variation 
of  the  rate  of  solution  with  the  concentration  of  hydrochloric  or  sulfuric  acid 
is  the  same  in  the  dissolution  of  iron  as  in  the  dissolution  of  chromium.  More¬ 
over,  it  must  be  remembered  that  in  plotting  the  curve  representing  the  rate  at 
which  chromium  dissolves  as  a  function  of  the  concentration  of  sulfuric  acid,  we 
found  that  the  curve  is  slightly  convex  downward,  thus  departing  from  strict 
linearity.  Figure  6  seems  to  Indicate  that  a  similar  phenomenon  is  present  in 
the  dissolution  of  light  sheet  iron. 

In  the  case  of  Armco  iron,  the  reproducibility  of  our  results  was  unsatis¬ 
factory  for  the  rate  of  solution  in  sulfuric  acid,  as  we  have  said,  so  that  our 
only  recourse  was  to  draw  an  approximate  straight  line,  as  is  shown  in  Fig.  5* 

It  should  be  added  that  we  have  plotted  two  curves  in  Fig.  5  "the  dissolution 
of  Armco  iron  in  hydrochloric  acids  the  solid  curve,  representing  the  dots,  and 
the  dotted  curve,  representing  the  circles.  The  dotted  curve  represents  the 
tests  made  without  stirring,  at  w  =  0,  while  the  solid  curve  represents  the  ex¬ 
periments  in  which  stirring  was  employed. 

We  see  that  in  both  cases  we  get  a  curve  of  the  same  type|  the  two  curves 
nearly  coincide  at  hydrochloric  acid  concentrations  below  ^‘y6  N.  At  higher  con¬ 
centrations  the  dotted  curve  is  somewhat  below  the  solid  one,  but  this  drop  is 
insignificant,  averaging  some  10-15^,  (These  facts  are,  of  course,  merely  a 
paraphrase  of  the  statements  made  earlier,  in  Par.  4).  The  fact  that  stirring 
influences  the  rate  at  which  iron  dissolves  in  hydrochloric  acid  enables  us  to 
assume  that  the  diffusion  process  has  some  influence  upon  the  rate  of  this  re¬ 
action,  This  Influence  is  evidently  very  small,  however,  practically  disappear¬ 
ing  at  a  rather  low  stirring  rate.  In  support  of  this  conclusion  we  may  also 
point  out  that  experiments  on  the  rate  of  solution  of  magnesium  made  by  us  in 
similar  instriments  [10]  have  shown  that  the  rate  at  which  magnesium  dissolves 
rises  about  300^  as  the  stirrer  speed  is  Increased  from  zero  to  JOO  rpm,  whereas 
the  change  in  the  rate  of  solution  of  iron  is  only  10-15^. 

This  conclusion  is  also  supported  by  the  high  temperature  coefficient  of 
the  rate  at  which  iron  dissolves. 

The  values  of  the  rate  at  which  iron  dissolves  (v'lOO)  in  hydrochloric 
and  sulfuric  acids  of  various  concentrations  are  listed  in  Table  4,  obtained  by 
interpolation  from  the  curves  reproduced  in  Figs.  5  and  6. 

In  accordance  with  what  was  set  forth  on  Page  672,  the  figures  obtained 

^  »  <-w  n  riKS  <-w  M  i-mm 

We  regard  the  diRSolution  of  magnesium  in  hydrochloric  acid  as  a  typical  example  of  a  reaction  in  vbich 
the  factor  governing  the  reaction  rate  is  the  diffusion  process. 


TABLE  h 


Normality  of 
the  acid 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Armco  iron 

.  HCl 

_ 

v-10( 

2.3 

3 

5.5 

15 

30 

50 

77 

120 

Light 

•sheet  iron  , 

8,0 

13(5) 

17 

24 

36 

56 

85 

135 

250 

450 

Armco  iron  I 

— 

(1.8) 

- 

(3.0) 

- 

(‘*•5  i 

- 

(6.4) 

- 

(8.0) 

Light  sheet  ) 
iron  J 

>H2S04 

- 

12(5) 

16 

20 

25 

y 

30 

55 

40 

46 

52 

for  the  rate  at  which  Armco  iron  dissolves  in  sulfuric  acid  fluctuated  widely, 
so  that  the  values  given  in  the  table  for  the  rate  of  solution  of  Armco  iron  in 
sulfuric  acid  are  placed  in  parentheses,  as  being  merely  approximate.  Nonethe¬ 
less,  it  is  obvious  that  the  rate  at  which  Armco  iron  dissolves  in  sulfuric  acid 
as  well  as  in  hydrochloric  acid  is  much  lower  than  the  rate  of  solution  for  light 
sheet  iron.  The  potential  of  the  iron  dissolving  in  hydrochloric  and  sulfuric 
acids  at  different  concentrations  are  given  at  the  top  of  Figa  5  and  6,  the  poten-  | 
tials  of  iron  dissolving  in  hydrochloric  acid  being  indicated  by  dots,  while  those 
for  dissolution  in  sulfuric  acid  are  shown  by  crosses.  The  data  in  Fig.  5  indi¬ 
cate  that  the  potential  of  Armco  iron  varies  very  little  with  the  acid  concentra¬ 
tion,  The  potential  of  the  light  sheet  iron  in  sulfuric  acid  drops  slightly  as 
the  acid  concentration  is  increased. 

We  have  a  total  of  three  points  for  the  potential  of  light  sheet  iron  in 
hydrochloric  acid,  their  positions  not  permitting  us  to  make  any  definite  state¬ 
ment  regarding  the  variation  of  this  potential  with  the  acid  concentration.  By 
analogy  with  the  potential  of  Armco  iron,  it  may  be  thought  that  this  potential! 
is  close  to  a  constant  (the  horizontally  aligned  dots  shown  in  Fig.  6). 

For  the  sake  of  greater  clarify,  the  variation  of  the  potential  of  dissolv¬ 
ing  iron  with  the  acid  concentration  is  shown  on  a  larger  scale  in  Fig.  7  (A,  B, 

C).  Fig.  7(A)  represents  the  dissolution  of  light  sheet  iron  in  sulfuric  acidj 
Fig.  7(B)  represents  Armco  iron  in  sulfuric  acid;  and  Fig.  7(C)  represents  Armco 
iron  in  hydrochloric  acid.  The  potentials  of  the  dissolving < iron  at  the  begin¬ 
ning  of  the  test  are  denoted  by  circles,  the  crosses  denoting  the  potentials  at 
the  end  of  the  test.  Figure  7  shows  that  the  difference  between  the  initial  and 
the  final  values  of  the  potential  is  much  greater  for  light  sheet  iron.  In  sulf¬ 
uric  acid,  the  potential  of  dissolving  iron,  whether  light  sheet  or  Armco  iron, 
drops  somewhat  as  the  acid  concentration  increases,  the  drop  being  biggest  for 
the  potential  of  light  sheet  iron  as  measured  at  the  end  of  the  tests,  this  drop 
totaling  some  45-50  millivolts,  according  to  Fig.  7(A),  between  2  N  and  10  N 
sulfuric  acid.  The  decrease  in  the  initial  values  of  the  potential  of  light 
sheet  iron  during  the  same  concentration  range  is  smaller  -  of  the  order  of  20 
millivolts.  As  we  see  in  Fig.  7(B),  the  potential  of  ArmCo  iron  in  sulfuric 
acid  drops  by  about  the  same  amount,  though  the  difference  between  the  initial 
and  final  values  of  the  potential  is  much  smaller  than  in  the  case  of  the  light 
sheet  iron. 

When  Armco  iron  is  dissolved  in  hydrochloric  acid.  Fig.  7(C),  the  difference 
between  the  initial  and  terminal  values  of  the  potential  is  again  small.  In  view 
of  the  fairly  high  scattering  of  the  points  in  Fig.  7(C),  we  may  take  the  poten¬ 
tial  of  iron  dissolving  in  hydrochloric  acid  to  be  a  constant,  equaling  = 

=  0.47  +  0.01  V.  Here  too,  however,  as  in  the  potential  of  chromium  dissolving 
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'  TABLE  5 


Acid 

Potential  of 

Potential  of 

Armco  iron. 

light  sheet 

mv„ 

iron ,  mv 

H2SO4 

475 

/  465* 

1  480® 

HCI 

472 

f  430* 
1460® 

in  hydrochloric  acid,  there  is  an 
apparent  tendency  for  the  potential 
to  rise  somewhat  as  the  acid  concen¬ 
tration  is  increased,  as  is  indicated 
roughly  by  the  dotted  straight  line 
in  Fig.  T(C).  In  general,  we  see 
that  the  behavior  of  the  potential 
of  dissolving  Armco  iron  is  rather 
much  like  that  of  the  potential  of 
dissolving  chromium.. 


The  values  of  the  potential  of 
dissolving  iron  in  a  6  N  acid  are 

listed  in  Table  5  for  the  sake  of  comparison.  In  this  table  the  potentials  of 
light  sheet  iron  are  indicated  by  an  asterisk  for  the  start  of  the  run,  and  by  a 
degree  mark  (“)  for  the  end  of  the  run.  The  differences  between  the  initial  and 
terminal  potentials  of  Armco  iron  were  insignificant,  so  that  a  single  mean  value 
is  given  in  Table  5  for  the  potential  of  Armco  iron. 


We  see  in  Table  5  that  the  mean  values  of  the  potential  of  Armco  and  light 
sheet  iron  in  hydrochloric  and  sulfuric  acids  are  close  together,  so  that 

they  may  all  be  covered  by  a  single  expression,  c?  =  0.47  +  0.01  v.v  The  sole  ex¬ 
ception  is  the  potential  of  light  sheet  iron  in  hydrochloric  acid  at  the  end  of 
the  tests,  the  value  of  which  was  lower;  ca,  0.43  volt. 


Taking  the  potential  of  the  calomel  electrode  with  respect  to  the  reference 
hydrogen  electrode  as  0,221  volt  at  60®,  we  get  a  value  of  0.25  volt  for  the 
potential  of  dissolving  iron,  measured  against  the  reference  hydrogen  electrode, 
but  with  a  plus  sign. 

SUMMARY 

1.  The  rate  of  solution  of  Armco  iron  and  of  commercial  light  sheet  iron 
in  hydrochloric  fend  sulfuric  acids  at  60“  was  investigated  up  to  acid  concentra¬ 
tions  of  10  N. 

2.  The  data  on  the  effect  of  stirring  upon  the  rate  at  which  iron  dissolves 
and  on  the  temperature  coefficient  of  this  rate  indicate  that  the  rate  of  solution 
of  iron  in  sulfuric  or  in  hydrochloric  acid  may  be  regarded  as  practically  inde¬ 
pendent  of  the  effect  of  the  diffusion  process. 


3«  The  rate  at  which  Armco  iron  dissolves,  whether  in  hydrochloric  or  in 
sulfuric  acid,  is  much  lower  than  the  rate  of  solution  for  light  sheet  iron. 


4.  The  rate  at  which  Armco  and  light  sheet  iron  dissolve  in  hydrochloric 
acid  is  an  index  to  the  concentration  of  the  acid,  the  relationship  being  nearly 
a  linear  function  in  sulfuric  acid,  however,  up  to  a  10.  N  concentration.  Hence, 
the  variation  of  the  rate  at  which  iron  dissolves  with  the  acid  concentration 
(HCI  and  H2SO4)  is  analogous  to  the  corresponding  function  described  in  our  pre¬ 
vious  paper  on  chromium,  the  sole  difference  being,  however,  that  the  v-C^cj.  curve 


r.  *  •* 

for  -iron  at  m  =  0.  has  no  maximum,  such  as  it  had  in  chromium,  exhibiting  prac¬ 
tically  no  difference  from  the  curve  obtained  for  vigorous  stirring  of  the  solu¬ 
tion. 

5.  The  potential  of  Armco  iron  in  hydrochloric  acid  changes  very  little 
with  the  concentration  of  the  acid.  The  potential  of  Armco  iron  in  sulfuric 
acid  drops  somewhat  as  the  acid  concentration  is  increased,  but  this  di’op  is 
small,  amounting  to  some  20  mv  in  the  range  from  2  N  to  10  N  H2SO4.  This  drop 
is  somewhat  greater,  ca.  45  mv,  in  the  case  of  light  sheet  iron.  * 

6,  The  potential  of  Armco  iron  is  practically  the  same  in  average  6  N 
concentrations  of  sulfuric  or  hydrochloric  acids. 


Measured  with  respect  to  a  saturated  calomel  electrode  and  with  its  sign 
taken  as  plus,  it  amounts  to  0.4?  +  0.01  volt;  measured  with  respect  to  a  refer¬ 
ence  hydrogen  electrode  and  taken  with  a  plus  sign,  it  is  O.25  volt. 

Inasmuch  as  the  normal  potential  of  iron  is  0.44  volt,  it  is  evident  that 
the  dissolution  of  iron,  like  that  of  chromium,  is  accompanied  by  considerable 
anodic  polarization. 

It  should  be  noted  that  the  book  by  Gatty  and  Spooner  [11]  gives  the 
potential  of  iron  in  1  N  hydrochloric  and  sulfuric  acids  as  0.27  volt  in  a  table 
on  p.  312-313 ^  this  figure  being  in  close  enough  agreement  with  the  values  we 
have  found. 

The  problem  of  the  potentials  of  dissolving  iron  will  be  consiaered  in 
greater  detail  in  one  of  our  forthcoming  papers. 
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It  should  be  home  in  mind  however,  that  the  iron  potential  measured  with  respect  to  a  saturated  calomel 
electrode  contains  the  potential  jump  at  the  boundary  between  the  hydrodiloric  acid  and  the  saturated 
solution  of  potassium  chloride,  which  may  vary  with  a  change  in  the  acid  concentration.  Hie  feasibility 
of  excluding  the  resulting  difficulties  from  a  theoretical  treatment  of  the  problem  will  be  discussed 
in  one  of  our  forthcoming  papers. 

*  « 

See  CB  translation  p.  a-605  ff. 
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COORDINATION  COMPOUNDS  OP  CADMIUM 


WITH  AMMONIA  AND  SOME  DERIVATIVES  OP  AMMONIA 
I.  A  Korstiunov  ana  L-,  V  Lipatova 

Introduction,  When  ammonia  is  added  to  a  solution  containing  cadmium  ions, 
the  hydroxide  that  forms  at  first  is  readily  dissolved  in  the  excess  of  precip¬ 
itant,  giving  rise  to  complex  ions  in  accordance  with  the  equation: 

Cd'^'^  +  pNHa  Cd(NH3)o‘^‘^. 

The  value  of  p  may  vary,  depending  upon  the  concentration  of  ammonia  in  the 
solution.  We  decidea  to  use  polarographic  analysis  to  gain  a  better  idea  of-jthe 
composition  of  the  coaplex  ions  foriaeu  in  various  concentre  cions  oi  ammonia. 

A  similar  type  of  formation  of  coordination  compounds  occurs  in  solutions  of 
cadmium  salts  to  which  some  derivatives  of  ammonia  have  been  added,  such  as  mono- 
ethanolamine,  triethanolamine,  methylamine,  and  trimethylamine. 

There  is  no  detailed  investigation  in  the  literature  dealing  with  the  com¬ 
position  of  the  complex  ions  formed  at  various  concentrations  of  the  foregoing 
substances. 

We  were  interested  in  filling  the  gap  existing  in  the  literature  and  in 
establishing  the  composition  of  coordination  compounds  of  cadmium  with  various 
ammonia  derivatives  and  in  determining  their  instability  constants.  We  employed 
the  polarographic  method  of  research  in  making  these  investigations  as  well. 

Instrumentation ^  The  diffusion  currents  were  measured  with  a  visual,  ins¬ 
trument.  We  utilized  a  tiny  beaker,  with  a  capacity  of  15  ml,  as  the  electroly¬ 
tic  cell  containing  the  solution  under  test,  into  which  a  dropping  mercury  elec¬ 
trode  of  ordinary  design  was  lowered,  A  saturated  calomel  half -cell  was  used 
as  the  nonpolarizing  comparison  electrode,  its  potential  being  assumed  to  be 
zero.  All  measurements  were  made  in  a  thermostat  at  a  temperature  of  25. 0+0. 3". 

We  did  not  get  rid  of  the  dissolved  oxygen  before  making  a  polarographic  record, 
since  the  oxygen  diffusion  currents  did  not  interfere  with  the  measurement  of 
the  cadmium  diffusion  currents.  We  prepared  the  initial  0.1  N  solutions  of 
cadmium  sulfate  and  a  1,0  N  solution  of  potassium  sulfate  for  polarography,  mix¬ 
ing  them  in  the  electrolyzer.  The  electrolyzer  also  contained  the  required  quan¬ 
tity  of  the  solution  of  ammonia,  monoethanolamine ,  etc,  A  certain  amount  of 
water  was  also  added  to  keep  the  concentration  of  *cadmi\im  ions  constant. 

We  used  salts  of  cadmium  and  potassium,  methylamine  and  trimethylamine, 
marked  "pure,  for  analysis",  as  oiir  reagents.  The  monoethanolamine  and  the  tri- 
methanolamine  contained  water  as  an  impurity,  while  the  mono-,  di-,  and  trieth¬ 
anolamine  also  contained  up  to  1,5^  of  ammonia, 

EXPERIMENTAL 

a)  Complex  ions  of  cadmium  and  ammonia.  During  the  polarography  of  the 
solutions  the  concentration  of  cadmium  ions  was  kept  constant  at  0,DrN,  while 
the  concentration  of  potassium  chloride  was  likewise  kept  constant  at  0,1  Nj  as  for 
the  concentration  of  ammonia,  it  was  varied  from  0,5  N  to  4,0  N,  As  the  ammonia 
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concentration  was  Increased,  the  cadmium  halfwave  potential  was  shifted  toward 
more  highly  negative  value So 

The  cadmium  diffusion  current  remained  constant  and  independent  of  the 
concentration  of  ammonia  in  the  solutiono 

The  cadmium  diffusion  currents  are  well  defined,  being  described  by  the 
following  equation  for  a  polarographic  wave; 


=  ^1/2- 


2o3  RT 


id  -  i 


where  is  the  cadmium  halfwave  potent ialo 

When  plotted  in  -  log  ■  •  coordinates,  this  equation  is  a  straight 

id  i 

line,  the  slope  of  which  enables  us  to  find  the  value  of  n,  the  number  of  elec¬ 
trons  taking  part  in  the  reduction  of  the  cadmium  ions.  According  to  our  exper¬ 
imental  results,  this  value  was  quite  close  to  2,  ioOc,  in  good  agreement  with 
the  reduction  of  divalent  cadmium  ions  at  the  surface  of  a-dropping'mercury  elec¬ 
trode, 

b)  Complex  ions  of  cadmium  with  mono-  and  triethanolamine.  As  the  con¬ 
centration  of  mono-  and  triethanolamine  in  the  solution  is  increased,  while  the 
percentage  of  cadmium  ions  is  kept  constant,  the  cadmium  halfwave  potential 
shifts  toward  more  highly  negative  values.  This  shift  of  the  halfwave  potential 
becomes  perceptible  at  concentrations  of  mono-  and  triethanolamine  totaling  1.2  N 
and  higher , 

The  diffusion  waves  of  cadmium  diminish  somewhat  as  the  concentration  of 
the  ethanolamines  increases.  This  decrease  is  most  likely  related  to  an  increase 
in  the  viscosity  of  the  polarographed  solutions  rather  than  to  a  retardation  of 
the  rate  of  dissociation  of  the  complex  ions  that  are  formed.  It  should  be  noted 
that  the  cadmium  diffusion  currents  are  well  reproducible  in  the  presence  of  mono 
or  triethanolamine  and  are  quite  satisfactory  for  quantitative  measurements.  » 

The  diffusion  wave  is  described  by  the  equation  for  the  polarographic  wave 
cited  above,  as  was  the  case  in  the  reduction  of  the  cadmium  ions  in  the  presence 
of  ammonia.  According  to  our  results,  the  coefficient  of  the  logarithmic  term 
was  1.8,  which  agrees  satisfactorily  with  the  theoretical  value  for  a  twO'  elec¬ 
tron  process, 

c)  Complex  ions  of  cadmium  and  methyl-  or  trimethylamine.  In  this  series 
of  experiments  the  concentrations  of  methylamine  and  trimethylamine  ranged  from 
0,5  N  to  6,5  N  and  from  0,5  N  to  N,  respectively. 

It  should  be  pointed  out  that  the  shift  in  the  cadmium  halfwave  potential 
took  place  at  concentrations  of  0,5  N  and  up  to  methylamine  or  trimethylamine. 

At  concentrations  below  0,5  N  the  shift  in  the  halfwave  potential  was  so  slight 
as  to  justify  the  assumption  that  no  complex  ions  are  formed  in  the  solution. 

The  polar ograms  yielded  several  cadmium  diffusion  ciarrents  of  constant 
magnitude,  irrespective  of  the  concentration  of  the  monomethyl-  or  trimethyl¬ 
amine  in  the  solution.  All  our  experimental  results  are  reproduced  graphically 
in  the  figure  as  the  variation  of  the  halfwave  potential  of  the  reduction  of  cad¬ 
mium  with  the  logarithm  of  the  concentration  of  ammonia,  monoethanolamine ,  tri¬ 
ethanolamine,  monomethylamine,  and  trimethylamine. 

Evaluation  of  Results 

The  shift  of  the  halfwave  potential  during  the  formation  of  complex  ions 
is  governed  by  the  equations 


(^2^“  (^2^2  = 


2,5  ^  „  2.3  RT  , 

log  log  C, 


(2) 


whence? 

^  2.3  RT  .  X 

d  log  C  ~  P  nF  ° 

Inspection  of  the  curve  indicates 
that  the  relationship  between  the 
cadmium  halfwave  potential  and  the 
ammonia  concentration  may  be  repre¬ 
sented  by  two  equations; 

for  ammonia  concentration  below 
0.9  N, 

and  for  ammonia  concentrations  above 
1,0  N, 

Tii^  =  -  0,874  -  0.180  log  Cam,  (5) 

In  the  reduction  of  cadmium  from 
solutions  containing  monoethanolamine, 
the  following  equation  applies; 

=  -  0,785  -  0.095  log  C.  (6) 

where  C  is  the  concentration  of  mono- 
ethanolamlne  in  the  polarographed  solution. 


The  cadmium  halfwave  potential  as 
a  function  of  the  logarithm  of  the 
concentration  of  ammonia  (l), 
monoethanolamine  (2),  triethanol¬ 
amine  (3)^  and  mono-  and  trimethyl 
amine  (4) , 


In  the  formation  of  complex  ions  in  solutions  containing  triethanolamine, 
this  equation  becomes; 

=-  0,732  -  0,093  log  C,  (7) 

In  methylamine  solutions  there  are  two  coordination  compounds,  apparently. 


At  concentrations  of  mono-  and  trimethylamine  ranging  from  1.2  N  to  3*5  N, 
the  relationship  between  the  cadmium  halfwave  potential  and  the  concentration  of 
the  methylamines  is  given  by  the  equation; 

^x/2  =  -0=700  -  0,09  log  C  (8) 

while  the  corresponding  equation  for  methylamine  concentrations  ranging  from  3=5 
to  6,0  N  is; 

=  -0,650  -  0,180  log  C,  (9) 

The  coordination  number  and  the  possible  composition  of  the  complex  ions 
are  readily  found  from  these  equations. 

In  ammonia  solutions,  the  concentration  of  which  ranges  from  0,6  N  to  0,9  N, 
a  complex  ion  containing  3  molecules  of  ammonia  is  formed.  But  the  complex  ion 
contains  6  molecules  of  ammonia  when  the  ammonia  concentration  ranges  from  1,0  N 
to  4,0  N.  It  is  not  Impossible  that  complex  ions  of  different  composition  are 
formed  at  ammonia  concentrations  of  0,9  N  to  1,0  N  or  else  the  concentration  of 
the  Cd(NH3)3  complex  ion  is  diminished  while  that  of  the  complex  ion 
Cd(NH3)6''"'^  is  increased.  In  solutions  of  the  mono-  and  trimethylamine  the  com¬ 
position  of  the  complex  ions  remains  the  same  throughout  the  tested  range  of  concen¬ 
trations  of  the  monomethylamine  or  the  trimethylamine.  In  this  case,  the  complex 
ions  that  are  formed  have  three  molecules  of  the  mono-  or  the  trimethylamine, 
i.e.,  their  composition  is  Cd(NH2CH2CH20H)3++  or  Cd[N(CH2CH20H)3]3++. 


The  complex  ion  contains  three  molecules  of  the  mono-  or  triderivative  of 
ammonia  when  monomethylamine  or  trimethylamine  is  present  and  the  concentrations 
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of  the  latter  vary  from  1,2  N  to  5o5  N.  At  concentrations  in  excess  of  5-7 
the  coordination  n\imher  of  the  ions  formed  is  6, 

In  the  intermediate  region  of  concertrations,  from  5,5  N  to  N,  it  is 
possible  that  complex  ions  of  different  composition  are  formed  or  that  the  con¬ 
centration  of  the  complex  ion  with  a  coordination  number  of  5  diminishes  while 
that  of  the  complex  ion  with  a  coordination  number  of  6  is  increased.  Our 
polarographic  investigations  cannot  give  an  unequivocal  answer  to  this  question. 
If  we  assume  that  complex  ions  with  a  coordination  number  of  4  are  possible, 
however^  it  must  be  borne  in  mind  that  the  range  of  concentrations  of  ammonia 
or  of  the  methylamines  in  which  they  may  predominate  in  the  solution  is  very 
restricted. 

Equation  (2)  may  be  utilized  to  compute  the  instability  constants  of  the 
ions  formed! 

K,  .  -IC.gJlNSdLL.  .  (10) 

[Cd(HH3)p++] 

The  brackets  denote  the  concentrations  of  the  end  products  of  dissociation  rather 
than  dissociated  ions.  The  dissociation  of  complex  ions  takes  place  in  stages, 
to  be  sure|  the  calculated  overall  constant  gives  us  an  idea,  however,  of  the 
relative  stability  of  the  resultant  ions. 

For  complex  ions  of  cadmium  and  ammonia,  with  coordination  numbers  of  5 
and  6,  the  calculations  yield  Kc  =  2, 4“ 10"®  and  K-  =  1,7°10~9, 

According  to  our  measurements,  the  halfwave  potent iax  of  cadmium  in  the 
presence  of  a  solution  of  0,1  N  potassium  chloride  is  -  0,62  volt.  The  insta¬ 
bility  constant  of  the  complex  ion  of  cadmium  and  monoethanolamine  is  =. 

2.04  10“®,  and  that  of  its  complex  ion  with  triethanolamine  is  =  1,58"10~4. 

The  instability  constants  are  identical  for  the  complex  ions  of  cadmium 
with  mono-  and  t rime thy lamine  formed  in  solutions  of  the  latter  at  concentra¬ 
tions  of  1,2  N  to  being  Kc  =  1,74 “10”®.  For  complex  ions  of  cadmium 

with  the  formulas  Cd(NH2CH3)6‘^  and  Cd[N(CH3)3 ]6++,  Kc  =  9,3“10"2, 

Thus,  the  ammonia  coordination  compounds  of  cadmiiim  are  most  stable.  The 
numerical  values  of  the  instability  constant  of  complex  ions  of  different  com¬ 
position  do  not  differ  very  much.  The  stability  of  complex  ions  of  cadmium 
and  the  ethanolamines  is  lower  than  that  of  the  ammonia  complex  ions.  Complex 
ions  with  monoethanolamine  are  more  stable  than  those  containing  triethanolamine 
We  have  been  unable  to  observe  the  formation  of  any  complex  ions  of  cadmium  wit! 
mono-  or  triethanolamine  possessing  a  coordination  number  of  6,  l/hen  the  concen 
tratlon  of  mono-  or  triethanolamine  in  the  polarographed  solutions  exceeds  2,5 
the  viscosity  of  the  solution  Increases  quite  appreciably!  as  a  result  the  cad¬ 
mium  diffusion  currents  diminish,  and  the  measurement  results  cannot  be  utilized 
for  subsequent  computations. 

Of  all  the  complex  ions  tested,  the  least  stable  are  the  complex  ions  of 
cadmium  and  the  methylamines,  their  stability  being  rather  negligible.  It  is 
worthy  of  note  that  the  same  coordination  numbers  hold  good  for  the  complex  ions 
of  cadmium  with  monomethylamlne  and  trimethylamine,  i,e,,  3  and  6,  as  for  its 
complex  ions  with  ammonia.  Inasmuch  as  the  stability  of  the  complex  ions  with 
the  methyl  derivatives  of  ammonia  is  much  less  than  that  of  the  complex  ions 
with  ammonia  itself,  they  are  formed  in  solutions  with  higher  concentrations  of 
monomethylamlne  or  trimethylamine, 

SUMMARY 

1,  A  study  has  been  made  of  the  reduction  of  cadmium  ions  in  ammonia. 
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monoethanolamlne,  triethanolamine,  monomethylamine,  and  trimethylamine,  it  being 
found  that  complex  ions  are  formed  in  these  solutions. 

The  composition  of  the  resulting  complex  ions  depends  upon  the  concentra¬ 
tion  of ‘the  ammonia,  monoethanolamine ,  triethanolamine,  etc. 

2.  It  has  been  found  that  complex  ions  with  coordination  numbers  of  3  and 
6  are  formed.  The  ammonia  complex  ions  of  cadmium  are  the  most  stable,  while 
the  methylamine  complex  ions  are  the  least  stable. 


Received  June  13,  19^9 o 


Chair  of  Inorganic  Chemistry 
Gorky  State  University 


PUbARUGRAFHIU  INVESTIGATION  OP  COORDINATION  COMPOUNDS 


OP  CADMIUM  WITH  SEVERAL  MONOVALENT  ANIONS 


I.  A,  Korsnunov, -N  I „  Malyugina  ana  O-  M,  Balabanova 


Introduction o  What  is  quite  characteristic  of  some  salts  of  cadmium  is 
their  tendency  to  form  coordination  compounds,  say,  in  the  reactions 

3Cdl2  Cd(Cdl3)2  ^  Cd++  +  Cdla"-, 

greatly  diminishing  the  concentration  of  hydrated  cadmium  ions  in  the  solution. 
Coordination  compounds  are  also  formed  in  solutions  containing  alkaline  salts 
of  halogen  acids  or  containing  free  acids.  The  composition  of  the  complex  ions 
and  their  stability  depend  upon  the  concentration  of  the  anions  of  the  hydro¬ 
chloric,  hydrobromic,  and  hydrlodic  acids  and  upon  the  composition  of  the  solu¬ 
tion.  The  well-known  relationship  of  the  halfwave  potential  of  reduction  of 
metallic  ions  to  the  instability  constant  of  the  complex  ions  and  the  concentra^ 
tlon  of  the  solution  in  which  the  complex  ions  are  formed  may  be  utilized  to 
determine  the  composition  of  the  resultant  complex  ions. 

This  relationship  is  given  by  Equation  (l)? 

log  Kc  -  P  log  C  •  f,  (1) 

where  is  the  reduction  potential  of  the  metal  in  the  complex  ion; 

is  the  reduction  potential  when  the  central  atom  of  the  complex  ion  is  present; 
Kc  is  the  instability  of  the  resulting  complex  ions;  p  is  the  coordination  num¬ 
ber;  C  is  the  concentration;  and  f  is  the  activity  coefficient  of  the  ions  con¬ 
stituting  the  inner  sphere  of  the  coordination  compound. 


In  accordance  with  the  foregoing  equation  we  may  compute  the  coordination 
number  of  the  coordination  compound  from  the  following  formulas 


d(^i/2)k 

d  log  C»f 


2.3°RT 
P  nF 


(2) 


In  the  present  research  we  have  determined  the  coordination  numbers  of  co¬ 
ordination  compounds  of  cadmium  in  solutions  of  potassium  iodide  and  bromide, 
potassium  chloride,  ammonium  thiocyanate,  and  hydrlodic,  hydrobromic,  and  hydro¬ 
chloric  acids. 


Apparatus  and  experimental  procedure.  The  apparatus  required  for  measur¬ 
ing  the  diffusion  currents  and  the  reduction  halfwave  potentials,  as  well  as 
the  procedure  Involved  in  polarographlc  measurements,  have  been  described  by  us 
previously  [2]. 

The  salts  used  in  our  measurements  -  cadmium  sulfate,  potassium  chloride, 
sodium  chloride,  potassium  iodide,  potassium  bromide  ~  and  the  hydrochloric  acid 
were  all  of  the  "pure,  for  chemical  analysis"  grade.  We  synthesized  the  hydrlodic 
and  hydrobromic  acids  by  decomposing  phosphorus  bromide  and  iodide  with  water  [1]. 
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The  concentration  of  cadmium  sulfate  In  the  polarographed  solutions  was 
kept  constant  at  1°10“^  N.  The  concentrations  of  the  potassium  iodide  and  hyd- 
r iodic  acid  were  varied  from  O.O5  N  to  2,5  N,  those  of  the  potassium  bromide  and 
the  hydrobromic  acid  from  0,5  N  to  5,0  N,  that  of  the  sodium  chloride  from  1.0 
N  to  4=0  N,  that  of  the  hydrochloric  acid  from  0=5  N  to  6,0  N,  and  that  of  the 
ammonium  thiocyanate  from  0=5  N  to  5.O  N.  The  oxygen  was  not  eliminated  from 
the  solution,  inasmuch  as  preliminary  tests  had  shown  that  it  did  not  interfere 
with  the  measurement  of  the  diffusion  currents  and  the  halfwave  potentials. 

Experimental  results.  In  our  investigation  of  the  reduction  of  cadmium 
ions  from  solutions  containing  chlorides,  bromides,  and  iodides  of  the  alkali 
metals,  free  halogen  acids,  and  ions  of  thiocyanic  acid,  we  found  that  the  dif¬ 
fusion  currents  were  readily  reproducible  and  varied  linearly  with  the  concen¬ 
tration  of  the  cadmium  salt  in  the  solution.  At  the  same  time,  the  diffusion 
current  of  cadmium  remained  constant  in  solutions  with  the  above-mentioned  con¬ 
centrations  of  anions  of  the  halogen  acids  and  of  thiocyanic  acid.  As  the  con¬ 
centration  was  increased,  the  only  factor  that  varied  was  the  cadmium  halfwave 
potential,  which  shifted  toward  more  highly  negative  values. 

A  series  of  measurements  was  made  to  determine  the  Influence  of  temperature 
upon  the  magnitude  of  the  diffusion  current.  It  was  found  that  the  cadmium  dif¬ 
fusion  current  is  a  linear  function  of  the  rise  in  temperature  of  the  polaro¬ 
graphed  solution,  totaling  1=5^  per  degree.  As  for  the  cadmium  halfwave  poten¬ 
tial,  its  changes  were  quite  small  in  the  temperature  range  from  zero  to  45", 
lying  well  within  the  margin  of  experimental  error. 

The  potential  of  the  dropping  mercury  is  related  to  the  diffusion  current 
by  the  following  equation  of  the  polarographlc  wave; 


2,5  RT 

nF 


i 

id  -  i 


This  equation  is  a  straight  line  when  plotted  in  the  following  coordinates; 

Tt,  the  potential  of  the  dropping  mercury  electrode,  and  log  1 ,  where, l(i 

id  i 

is  the  limiting  diffusion  current. 

According  to  our  experimental  data,  the  coefficient  of  the  logarithmic 
term  in  the  foregoing  equation  is  0,028  for  the  reduction  of  cadmium  from  solu¬ 
tions  containing  its  coordination  compoionds  with  anions  of  halogen  and  thiocy¬ 
anic  acids.  This  indicates  that  two  electrons  are  consumed  in  the  reduction 
of  cadmium  ions  and  the  ensuing  formation  of  a  dilute  amalgam,  in  accordance 
with  the  equation; 

Cd‘^+  +  2  e  +  Hg  Cd(Hg),  (4) 

A  perceptible  shift  of  the  cadmium  halfwave  potential  toward  more  highly 
negative  values  takes  place  first  in  solutions  of  potassium  iodide  and  hydriodic 
acid.  This  shift  begins  at  concentrations  of  approximately  0,05  N  end  higher. 

The  shift  of  the  halfwave  potential  takes  place  at  concentrations  in  ex¬ 
cess  of  0,5  N  solutions  of  the  bromide  and  of  hydrobromic  acid,  while  it  sets  in 
at  concentrations  of  0,8  N  in  solutions  containing  chlorides  or  hydrochloric 
acid  and  at  concentrations  of  about  0,4  N  in  solutions  containing  ammonium  thio¬ 
cyanate  , 

The  variation  of  the  halfwave  potential  of  the  reduction  of  cadmium  with 
the  activity  of  solutions  of  potassium  iodide  and  bromide,  sodium  chloride, 
hydriodic  acid,  and  ammonium  thiocyanate  is  shown  graphically  in  the  figure. 

Some  of  our  experimental  data  are  listed  in  the  table. 

Evaluation  of  results.  The  curves  in  the  figure  indicate  that  there  is 
no  linear  relationship  between  the  halfwave  potential  of  reduction  of  cadmium 
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TABLE  1 


Cadmium  Halfwave  Potential  in  Various  Electrolytes 


Electrolyte 

Concentration  ( gram-equivalents ] 

1 

0,1  ' 

.  0,5.  1 

j  .1,0 

2,6 

-  3.0  ; 

4,0 

5.0  1 

Potassium  iodide . , . 

-0,652 

1  -0,700 

-0,747 

-0,784 

- 

- 

— 

- 

Potass liim  bromide  , . 

_ 

-0,65 

-0,66 

-0,68 

-0,701 

-  - 

- 

- 

Sodium  chloride  . . . 

- 

- 

-0,637 

-0,651 

-0,670 

-0,692 

- 

- 

Ammonium  thio¬ 
cyanate  ,,,,,,,  . , 

0,64 

-0,66 

-0,68 

-0,70 

-0,72 

-0,74 

— 

Hydriodic  acid  .... 

-0,64 

-0,71 

-0,76 

-0.795 

~ 

- 

- 

— 

Hydrobromic  acid  „ . 

- 

-0,65 

-0,66 

-0,70 

-0,74 

-0,76 

- 

— 

Hydrochloric  acid.. 

— 

— 

— 

~ 

-0,70 

-0,72 

-0,75 

-0,79 

and  the  concentrations  of  alkali  salts 
and  free  halogen  acids o  Nor  is  there 
a  linear  relationship  for  solutions  of 
ammonium  thiocyanate »  The  curves  do 
consist  of  several  linear  sections, 
however,  of  varying  slopes = 

Thus,  the  linear  relationship 
between  the  halfwave  potential  and  the 
concentration  exists  only  within  com¬ 
paratively  narrow  ranges  of  measurements 
of  the  latter.  This  is  evidence  of  the 
formation  and  existence  of  several  com¬ 
plex  ions  of  different  composition  with¬ 
in  the  solution,  in  equilibrium  with  one 
another.  Each  of  these  complex  ions 
predominates  within  a  given  concentra¬ 
tion  range  of  any  one  salt  or  free  acid. 


Cadmium  nalfwave  potential  as 
a  function  of  the  solution  ac¬ 
tivity. 


The  tangent  of  the  angle  of  slope 
of  the  linear  sections  of  the  cirrve  or 
of  the  tangents  to  the  curve  may  be  used 
to  find  the  coordination  numbers  of  the 
resulting  complex  ions  from  Equation  (2) , 
When  Equation  (2)  is  utilized  to  find  the 


1  Solutions  of  potassium  iodide  (circles) 
and  ^driodic  acid  (dots),  2-potassiuin 
bromide,  3  ammonium  thiocyanate,  4- sodium 
chloride. 


coordination  number  and  when  classify¬ 


ing  our  results,  we  must  bear  in  mind  that  they  must  be  integers.  Values  of  the 
coordination  number  that  are  not  Integers  indicate  the  presence  of  two  or  more 
complex  ions  with  different  coordination  numbers. 


Our  experiments  indicate  that  these  integral  values  are  4,  and  6  for 
solutions  of  chlorides,  bromides,  and  iodides  of  the  alkali  metals,  ammonium 
thiocyanate,  and  hydr iodic  acid. 


Complex  ions  of  the  same  composition  are  formed  at  various  concentrations 
of  the  salts  and  the.  free  acids,  A  complex  ion  with  the  coordination  number  of 
3  is  formed,  for  example,  in  solutions  of  potassi’am  iodide  or  hydriodic  acid 
possessing  concentrations  of  0,13  N  to  0,25  in  solutions  of  potassium  bromide 
at  0,8  N  to  1,1  N,  in  solutions  of  ammonium  thiocyanate  at  0,6  N  to  1,8  N,  and 
in  solutions  of  sodium  chloride  at  1,1  N  to  1,7  N,  Compriex  ions  of  cadmium  with 
a  coordination  number  of  4  are  formed  in  solutions  with  concentrations  of  the 
iodine  ion  ranging  from  0,3  N  to  0,8  N,  with  concentrations  of  the  bromine  ion 
ranging  from  1,2  N  to  1,7  with  concentration  of  the  anion  of  thiocyanic  acid 
ranging  from  2,0  N  to  3°1  N,  and  with  concentrations  of  the  chlorine  ion  ranging 
from  1,8  N  to  2,5  N, 
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Complex  ions  with  a  coordination  number  of  6  are  formed  in  solutions  in' 
which  the  concentration  of  anions  of  hydriodic  acid  is  in  excess  of  0,9  N,  that 
of  anions  of  hydrobromic  acid  exceeds  1,8  N,  that  of  anions  of  thiocyanic  acid 
exceeds  5.2  N,  and  that  of  anions  of  hydrochloric  acid  exceeds  2,8  N.  Hence, 
complex  ions  are  formed  at  the  lowest  concentrations  of  iodine  ions,  followed 
by  bromine  and  chlorine  ions  in  that  order. 

It  is  highly  probable  that  molecules  and  ions  with  coordination  numbers  of 
2  and  1  are  formed  at  low  concentrations  of  the  iiydrohalldes.  When  this  is  so, 
the  solutions  of  the  tested  salts  exhibit  an  equilibrium  of  the  following  type: 

Cdle"""  ^  Cdl4  ■  +  21'  ^  Cdia"  +  I"  ^  Cdl2  +  I'  Cdl+  +  1~  ^ 

Cd++  +  I-, 

Measurement  of  the  potentials  of  the  reduction  of  cadmium  ions  in  various 
concentrations  of  hydrochloric  acids  indicates  that  complex  ions  are  formed  at 
about  the  same  concentrations  as  when  the  alkali  metal  salts  of  these  acids  are 
used. 

We  were  able  to  detect  the  formation  of  complex  ions  with  a  coordination 
number  as  high  as  4  in  free  hydrobromic  and  hydrochloric  acids.  These  complex 
ions  are  formed  when  the  concentration  of  hydrobromic  acid  exceeds  1,4  N  and 
^hat  of  hydrochloric  acid  exceeds  2,8  N, 

/  The  following  equations  may  be  written  to  express  the  variation  of  the 
halfwave  potential  of  a  dropping  mercury  electrode  in  the  reduction  of  cadmium 
from  solutions  of  hydrobromic  acid  with  the  activity  of  the  latter: 


K1/2  =  -0,667  -  0.082  log  CjjBr  ”  I’HBr^ 

^  -0,654  -  0,119  log  Cjjbj,  ”  fHBr*  (5) 

The  same  relationship  is  expressed  by  the  following  equation  for  the  form¬ 
ation  of  complex  ions  with  a  coordination  number  of  4  in  solutions  of  hydrochlor¬ 
ic  acid:  ' 

TTly/^  =  -0,622  -  0,120  log  '  -HCl  ’ 


As  we  have  stated  above.  Equation  (l)  may  be  utilized  to  find  the  instab¬ 
ility  constant  of  the  resultant  complex  ions.  This  calculation  requires  chat 
we  know  the  half  wave  potential  for  the  reduction  of  cadmium  ions  when  no  com¬ 
plex  ion  is  formed. 

Our  measurements  indicate  that  this  equals  -0,62  volt  with  resr'oct  to  a 
saturated  calomel  electrode.  The  results  of  our  computations  are  listed  in 
Table  2,  It  should  be  borne  in  mind  that  these  calculations  cannot  pretend  to 
a  high  degree  of  absolute  accuracy,  owing  to  the  error  involved  in  the  determ- 

TABLE  2 


Instability  Constants  of  Complex  Ions  of  Cadmium  at  a  Temperature  of  25* 


Coordination 

number 

Instability 

constant  in  solution  of: 

KI 

HI 

KBr 

HBr 

NaCl 

HCl 

NH4CNS 

5 

1.4»10“^ 

l.3'10"^ 

1,5°10"^ 

2,4“10'^ 

0,17 

5,3'10’' 

4 

1.5“10"^ 

i,5“io“^ 

1,4»10'2 

6,7"10’2 

1  0,45 

G.85 

0,86 

6 

1,0”10“® 

1,4->10'^ 

0,11 

— 

1  1»09 

- 

1.05 

ination  of  the  halfwave  potential  of  cadmium  ions,  inasmuch  as  an  inert  electro¬ 
lyte  must  be  added  to  the  solution  when  measuring  the  latter,  and  the  cadmium 
halfwave  potential  depends  somewhat  upon  the  nature  of  the  electrolyte.  The 


figures  in  Table  2  give  dependable  notions  of  the  relative  stability  of  various 
complex  ions. 

The  increasing  stability  of  the  complex  ions  in  the  series  from  Cl"  to  I~ 
is  readily  seen.  This  increase  in  stability  corresponds  to  the  increase  in  the 
ionic  radii  of  the  anions  and  their  polarizability.  We  note  that  the  instabil¬ 
ity  constant  diminishes  at  the  same  time^  so  that  the  stability  of  complex  ions 
increases  in  solutions  of  potassium  iodide  as  the  coordination  number  rises. 

In  contrast  to  this,  the  stability  of  complex  ions  in  solutions  of  potass¬ 
ium  bromide  and  sodium  chloride  diminishes  as  the  coordination  number  is  raised. 

The  decrease  in  the  stability  of  complex  ions  in  the  series  from  I"  to  Cl", 
probably  due  to  a  change  in  the  forces  of  interaction  among  the  ions,  has  as  a 
result  that  any  appreciable  formation  of  coordination  compounds  requires  an  in¬ 
creasing  concentration  of  the  products  of  the  dissociation  of  the  coordination 
compounds,  1,0,,  of  the  anions  of  hydrobromic  and  hydrochloric  acids.  The  ions 
of  thiocyanic  acid,  which  likewise  form  coordination  compounds  with  cadmium, 
yield  ions  whose  stability  is  intermediate  between  those  of  the  coordination 
compounds  of  cadmium  with  chlorine  and  iodine  ions. 

The  numerical  values  of  the  instability  constants  for  various  coordination 
compounds  of  cadmium  with  anions  of  the  halogen  acids  have  been  calculated  [4] 
from  measurements  of  the  circuit  emfs 

CdjOoOl  molar  CdS04  j satur,  KNO3 |0,01  molar  CdS04|Cd, 

X  molar  KHal 

where  KHal  denotes  KI,  KBr,  or  KCl, 

The  results  agree  fairly  well  with  the  flgufes  we  have  derived,  especially 
when  the  comments  we  have  made  above  on  the  cadmium  reduction  potential  in  non¬ 
complex  solutions  are  borne  in  mind, 

Stromberg  and  Bykov  [s]  used  the  polarographlc  method  of  analysis  to  es¬ 
tablish  the  composition  of  several  coordination  compounds  of  cadmium  in  solu¬ 
tion,  They  found  that  the  Instability  constant  K  =  1,2“10~®  for  the  complex 
ion  Cdl4"",  This  value  is  somewhat  lower  than  the  ones  derived  by  us. 

The  stability  of  coordination  compounds  in  free  halogen  acids  is  somewhat 
lower  than  the  stability  of  the  corresponding  coordination  compounds  in  hydro¬ 
halides,  This  may  be  due  to  the  counterpolarization  of  the  halogen  ions  enter¬ 
ing  into  the  composition  of  the  coordination  compounds  by  ions  of  hydrogen.  As 
ve  know,  this  type  of  counterpolarization  [3]  by  hydrogen  ions  results  in  a  de¬ 
crease  in  the  stability  of  several  oxy  acids,  such  as  H2SO3,  HNO2,  etc.,  as  com¬ 
pared  with  that  of  their  salts. 

,  SUMMARY 

1,  A  study  has  been  made  of  the  reduction  of  cadmium  ions  at  a  dropping 
mercury  electrode  from  solutions  containing  alkali  metal  salts  of  halogen  acids, 
free  halogen  acids,  and  ammonium  thiocyanate  in  various  concentrations, 

2,  The  coordination  numbers  of  the  resultant  complex  ions  and  their  in¬ 
stability  constants  have  been  found  from  the  shift  of  the  halfwave  potential 
of  cadmium  reduction. 

It  has  been  found  that  the  composition  of  the  resultant  coordination 
compounds  depends  upon  the  concentration  of  the  salts  or  of  the  free  halogen 
acids.  The  stability  of  the  complex  ions  depends  upon  their  chemical  composi¬ 
tion  and  coordination  number, 
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THE  DISSOCIATION  AND  REDUCTION  UP  BARIUM  Al^D  CALCIUM  PEROXIDES 


B.  D.  Averbukh  ana  G. .  I. .  cnutarov 


In  our  preceding  report  [i],  we  compared  the  dissociation  and  reduction 
rates  of  silver  oxide,  this  investigation  resulting  in  an  elucidation  and  con¬ 
firmation  of  the  adsorption-catalytic  mechanism  of  the  reduction  of  metal  oxides. 

The  present  paper,  which  is  a  continuation  of  the  above-mentioned  research, 
gives  the  results  of  an  investigation  of  the  dissociation  and  reduction  of  bar¬ 
ium  and  calcium  peroxides,  which  possess  high  dissociation  pressures  at  compara¬ 
tively  low  temperatures,  and,  therefore,  are  to  be  classed  among  the  readily 
dissociated  oxides. 

Raw  materials  and  experimental  procedure.  In  our  research  we  utilized 
peroxides  of  barium  and  calcium  prepared  by  the  reaction  of  hydrogen  peroxide 
and  ammonia  with  barium  and  calcium  nitrates.  The  resulting  precipitates  were 
filtered  out,  washed  with  water,  freed  from  CO2,  and  desiccated  for  a  month 
above  calcium  chloride  and  phosphoric  anhydride. 

The  percentage  of  active  oxygen  in  the  peroxides,  as  determined  by  titra¬ 
tion  with  a  permanganate  solution, 
is  listed  in  Table  1, 

The  same  apparatus  and  exper¬ 
imental  procedure  were  used  in  in¬ 
vestigating  the  rates  of  dissocia¬ 
tion  as  in  the  preceding  research 
[i].  The  peroxides  were  reduced 
with  hydrogen  in  a  closed  system, 
using  circulation  of  the  gas  and 
elimination  of  water  vapor  by 
free'^zing  dn  a  trap  immersed  in 
liquid  nitrogen.  The  reaction  rate 
was  measured  by  the  drop  in  pressure  in  the  system  as  a  result  of  the  consumption 
of  hydrogen  in  the  reaction. 

Dissociation  of  barium  and  calcium  peroxides.  The  rate  of  dissociation  of 
barium  peroxide  was  investigated  in  the  temperature  range  of  500-750*  and  at  oxy¬ 
gen  pressures  in  the  gas  phase  that  ranged  from  a  high  vacuum  to  pressures  approach¬ 
ing  equilibrium,  i.e,,  from  1°10"®  mm  Eg  to  205  nun  Eg  for  the  given  temperature 
range . 

The  results  of  a  series  of  tests  run  to  determine  the  variation  of  the  rate 
of  dissociation  of  Ba02  with  the  percentage  of  oxygen  in  the  solid  phase  are  given 
in  Fig.  1,  The  percent  decomposition  is  laid  off  along  the  axis  of  abscissas, 
with  the  reaction  rate,  expressed  in  the  amount  of  oxygen  removed  from  the  oxide 
in  30  minutes,  laid  off  along  the  axis  of  ordinates.  The  amount  of  peroxide  used 
was  0,3  g.  The  experiments  were  run  at  different  oxygen  pressures  in  the  gas 
phase . 

We  see  from  Fig,  1  that  the  reaction  rate  rises  as  the  oxygen  pressure  goes 


TABLE  1 


Percentage  of  Active  Oxygen  in  the  Orig- 


inal  Samples 

Name  of 

Percent  of  ac¬ 

Theoretical 

sample 

tive  oxygen 
by  analysis 

percentage  of 
active  oxygen 

Ba02  . » 0 , 

7,6 

9.44 

Ca02  , . 0 . 

18,25 

22.2 
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down.  The  variation  of  the  rate  of  dissoc¬ 
iation  of  the  BaOs  with  the  oxygen  pressure 
at  a  constant  percentage  of  oxygen  in  the 
solid  phase  is  expressed  by  a  straight  line 
(Fig.  2),  i.e.,  by  the  equation: 

^diss.  “  ^^^02  ~  Po2^^ 

in  which  is  the  dissociation  rate  of 

Ba02;  P02  is  the  equilibrium  pressure  of 
oxygen  at  the  given  temperature)  and  Pq^  is 
the  oxygen  pressure  at  which  dissociation 
takes  place. 

The  dissociation  rate  of  calcium  per¬ 
oxide  was  investigated  in  the  temperature 
range  of  300-350“ ^  at  intervals  of  10®  and 
with  the  oxygen  pressure  in  the  gas  phase 
ranging  from  10  to  7^0  mm  Hg. 

The  results  of  a  series  of  tests  made 
to  determine  the  variation  of  the  dissocia¬ 
tion  rates  of  Ca02  with  the  percentage  of 
active  oxygen  in  the  solid  phase  at  various 
oxygen  pressures  in  the  gas  phase  are  shown 
in  Fig.  3.  Inasmuch  as  these  tests  were 
made  at  pressures  that  were  far  from  the 
equilibrium  pressures  (the  equilibrium  pres¬ 
sure  of  oxygen  in  the  dissociation  of  Ca02  is  measured  in  hundredths  of  an  at¬ 
mosphere),  the  reaction  rate  did  not  differ  at  the  different  pressures.  We  see 
from  Fig.  3  that  the  kinetics  points  plotted  for  different  pressures  all  lie  along 
the  same  straight  line. 

The  apparent  activation  energies  were  determined  from  our  experimental  data 
on  the  change  in  the  rate  of  dissociation  of  barium  and  calcium  peroxides  wilih 
temperature  at  a  constant  percentage  of  oxygen  in  the  solid  phase  and  a  constant 
oxygen  pressure  in  the  gas  phase.  They  were  found  to  be  45,800  cal/moilefor  the 
dissociation  of  BaOs  and  45,000  cal/mo]^for  the  dissociation  of  Ca02. 

The  results  of  our  investigation  of  the  rate  of  dissociation  of  BaOs  at 
various  temperatures  and  oxygen  pressure  in  the  gas  phase  enabled  us  to  determ¬ 
ine  the  equilibrium  pressure  of  oxygen  in  the  dissociation  of  BaO^  by  extrapol¬ 
ating  the  straight  lines  in  Fig.  2  to  their  Intersection  with  the  axis  of  abscis¬ 
sas,  inasmuch  as  the  dissociation  rate  is  zero  at  equilibrium.  The  values  giver. 


Fig.  1.  Rate  of  dissociation 
of  Ba02  at  700“. 


Fig,  2o  Variation  of  the  dissociation  rate  of  Ba02  with  . 
the  oxygen  pressure  at  various  temperatures. 
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TABLE  2 


Equilibrium  Pressures  of  Oxygen 
in  the  Dissociation  of  Ba02 


Temperature, 

"  C 

Pressure,  mm  Hg 

650 

28 

700 

77 

750 

220 

in  Table  2  were  obtained  in  this  man¬ 
ner  =  Comparison  of  these  figures  with 
the  data  cited  in  the  literature  (Fig. 
U)  showed^  however,  that  the  equilib¬ 
rium  pressures  of  oxygen  in  the  dis¬ 
sociation  of  Ba02  differ  greatly,  de¬ 
pending  on  the  author  cited.  The  equi¬ 
librium  pressures  in  the  dissociation 
of  Ba02  that  we  have  measured  differ 
greatly  from  the  values  cited  by  M. 
Blumenthal  [2],  being  fairly  close  to 
the  values  given  by  Hildebrand  [3], 


Fig,  Dissociation  rate  of  CaOo 
at  35^*°  fsr  various  oxygen  pres¬ 
sures  . 


To  clear  up  this  matter,  we  made 

a  direct  determination  of  the  equilibrium  pressures  of  the  dissociation  of  Ba02  as 
a  function  of  the  percentage  of  active  oxygen  in  the  solid  phase.  The  investiga¬ 
tion  was  made  by  the  static  method,  from  the  dissociation  end  as  well  as  from 
the  oxidation  end. 


Fig.  5"  Variation  of  the  equil¬ 
ibrium  oxygen  pressure  in  the  dis 
sociatlon  of  Ba02  with  the  per¬ 
centage  of  active  oxygen  in  the 
solid  phase. 


Fig.  4,  Comparison  of  the  equilibrium 
pressures  of  oxygen  in  the  dissociation 
of  Ba02  according  to  various  authors. 


The  change  in  the  equilibrium  oxygen  pressure,',  dissociation  of  BaOg  is 
shown  in  Fig.  5  as  a  function  of  the  percentage  of  oxygen  in  the  solid  phase 
for  three  different  temperatures:  65O",  TOO*,  and  750*.  We  see  from  this  figure 
that  when  Ba02  is  dissociated  we  get  univariant  regions  of  solid  solutions  of 
limited  solubility.  The  constant  values  of  the  equilibrium  oxygen  pressure  ob¬ 
tained  for  each  temperature  in  these  regions  are  close  to  the  values  obtained 
in  the  kinetic  tests. 


These  data  enable  us  to  set  up  the  equation  showing  the  variation  of  the 
equilibrium  oxygen  pressure  during  the  dissociation  of  BaOa  in  the  univariant 
region  as  a  function  of  the  temperature,  making  use  of  the  thermodynamic  equa¬ 
tion  in  the  first  approximations 


log  P, 


O2 


-Haes _ 

^^575  T 


gas. 


5T575 


(1) 


where  H298  is  the  standard  heat  of  reaction  at  constant  pres sure j  S298  is  the 
standard  entropy  of  the  reaction j  and  T  is  the  temperature  in  degrees  Kelvin. 


The  value  of  the  entropy  for  Ba02  is  unknown,  so  we  computed  it  from 
Equation  (l),  using  the  experimental  value  of  the  equilibrium  pressure  in  the 
dissociation  of  Ba02  a't  75^"^  220  mm  Hg  or  0,29  atm,  and  the  heat  of  reaction  of 
1873^0  cal  (  according  to  the  Landolt -Bernstein  tables  [4]). 


Substituting  these  values  in  Equation  (l),  we  get  l6,71  cal/deg-mo]e  as  the 
entropy  of  the  reaction  Ba02  ^  BaO  +  V2  O20  Since  Sg^O  =  I6.8  cal/deg . -mole  and 
Sq  =  49.02  cal/deg-mol^  we  get  SBa02  ”  16.8  +  49.02/2  -  16.7I  =  24.6  cal/deg- 
mo^  as  the  entropy  of  Ba02. 


Substituting  the  values  of  H298  and  S298  la  Equation  (l),  we  get  the  fol¬ 
lowing  equation  for  the  sought-for  variation  of  the  equilibrium  dissociation 
pressure  of  Ba02  in  the  uni variant  region: 


log  P 


V2 

O2 


-18,360 
4.573  T 


+  3.654. 


(2) 

I 


The  equilibrium  pressures  in  the  dissociation  of  Ba02,  obtained  by  direct 
measurement,  by  extrapolation  from  the  kinetic  tests,  and  by  computation  from 
Equation  (2),  are  compared  in  Table  3. 
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TABLE  3 


Temperature 

Temperature , 

“K 

3  (in  mm  Hg) 

Measured 

Calculated 

650 

923 

28 

21 

30.9 

700 

973 

77 

77^5 

86.9 

750 

1023 

220 

220 

220 

As  we  see  from  this  table,  the  measured  and  calculated  values  of  the  equi¬ 
librium  pressures  in  the  dissociation  of  Ba02  agree  satisfactorily. 

Reduction  of  barium  and  calcium  peroxides.  The  reduction  of  the  peroxides 
of  barium  and  ca'ltiiim  by  hydrogen  at  rather  low  temperatures  involves  the  forma¬ 
tion  of  hydrates  in  accordance  with  the  following  reaction: 

Ba02  +  H2  =  Ba(0H)2  and  Ca02  +  H2  =  Ca(0H)2. 

The  experiments  on  the  reduction  of  Ba02  hydrogen  were  made  in  the  tem¬ 
perature  range  of  200-750* •  The  rate  at  which  the  Ba02  is  reduced  increases  as 
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the  temperature  is  raised,  though  the  reaction  is  never  complete,  since  the 
Ba(0H)2  formed  during  the  reduction  fuses  at  325“ ^  and  the  molten  Ba(0H)2  coats 
the  unreacted  mass  of  Ba02,  impeding  the  access  'of  hydrogen  and  causing  the  re¬ 
action  practically  to  come  to  a  stopo 

Complete  reduction  is  possible  at  temperatures  in  excess  of  550* ^  owing 
to  the  dissociation  of  the  Ba(0H)2»  Ca(0H)2  is  similarly  formed  in  the  reduction 
of  calcium  peroxide  by  hydrogen..  At  low  temperatures  —  up  to  320*  —  an  extrem¬ 
ely  thin  layer  of  Ca(0H)2  is  formed,  retarding  the  further  reduction  of  the  per¬ 
oxide,  At  higher  temperatures,  beginning  at  320*,  the  Ca02  can  be  reduced  owing 
to  the  dissociation  of  the  Ca(0H)2  produced.  Our  experiments  have  shown  that 
in  the  reduction  of  the  peroxides  of  barium  and  calcium,  all  the  hydrogen  enter¬ 
ing  the  reaction  is  used  in  forming  the  hydrate,  water  vapor  not  being  generated 
in  the  gas  phase  (if  the  reduction  temperature  is  low  and  the  hydrates  are  not 
dehydrated).  We  checked  this  conclusion  by  means  of  special  tests,  in  which 
the  gas  emerging  from  the  reaction  passed  through  a  trap  chilled  by  liquid  nitro¬ 
gen  -  if  the  reaction  products  had  included  water  vapor,  the  latter  would  have 
condensed  in  the  trap.  No  water  vapor  was  ever  found  in  our  rather  prolonged 
tests,  Tlils  is  evidence  that  the  reaction  takes  place  directly  at  the  surface 
of  the  Ba02  and  the  Ca02^  without  any  preliminary  dissociation  of  the  latter  in¬ 
to  oxygen  and  barium  or  calcium  oxide,  respectively. 

Thus,  the  reduction  of  the  peroxides  of  barium  and  calcium  is  not  preceded 
by  a  primary  dissociation  into  the  oxide,  followed  by  a  union  of  the  oxygen  and 
the  hydrogen  in  the  gas  phase,  the  reduction  process  taking  place  at  the  surface 
of  the  peroxide  between  the  adsorbed  hydrogen  and  the  oxygen  in  the  solid  phase, 
giving  rise  to  hydrates  in  accordance  with  the  adsorption  mechanism. 


SUMMARY 

An  investigation  has  been  made  of  the  variation  of  the  rate  of  dissocia¬ 
tion  of  barium  and  calcium  peroxides  with  the  oxygen  pressure  in  the  gas  phase. 
The  rate  is  proportional  to  the  difference  between  the  equilibrium  oxygen  pres¬ 
sure  P02  and  its  pressure  Pq^  in  the  gas  phase,  provided  the  temperature  and 
the  per  cent  oxygen  in  the  solid  phase  are  held  constant,  i,e,: 

^diss,  =  ^  (PO2  ~  P02^' 

The  apparent  activation  energy  has  been  found  to  be  45,800  cal/mo]e  for 
the  dissociation  of  Ba02  and  45,000  cal/molefor  the  dissociation  of  Ca02. 

The  change  in  the  equilibrium  pressures  during  the  dissociation  of  Ba02 
as  a  function  of  the  percentage  of  oxygen  in  the  solid  phase  is  evidence  of  the 
formation  of  solid  solutions  in  the  Ba-0  system,  with  limited  solubility. 

The  variation  of  the  equilibrium  oxygen  pressure  with  temperature  in  the 
univarlant  region  is  given  by  the  equation? 

log  =  f +  3  654 

®  O2  4.573  T 

The  entropy  SgaO-,  this  region  has  been  found  to  be  24.6  cal/deg-mo]e. 

When  Ba02  and  Ca02  are  reduced  by  hydrogen  at  comparatively  low  tempera¬ 
tures,  hydrates  are  formed,  all  the  hydrogen  entering  into  the  reaction,  being 
used  to  form  the  hydrates,  and  no  water  vapor  being  evolved  in  the  gas  phase. 
This  is  evidence  that  the  reduction  process  takes  place  solely  at  the  surface 
of  the  peroxide',,  without  any  primary  dissociation  of  the  peroxide  into  the  ox¬ 
ide  and  oxygen,  which  agrees  with  the  adsorption-catalytic  mechanism  of  the 
reduction  process. 
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THE  HYDROLYSIS  OP  VINYL  PHENYL  ETHER 


P  Shostakovsky  ana  a.  V.  Bogaanova 


Of  the  known  vinyl  ethers  produced  hy  the  Favorsky-Shostakovsky  method,  the 
one  on  which  the  least  research  has  been  done  is  vinyl  phenyl  ether.  In  con¬ 
nection  with  our  research  on  the  conditions  Required  for  the  synthesis  and  trans¬ 
formations  of  a-halogen  ethyl  alkyl  ethers  [1,2]  and  a-halogen  ethyl  aryl  ethers 
[3],  we  thought  it  necessary  to  make  a  study  of  the  properties  of  the  initial 
vinyl  ethers,  particularly  the  conditions  governing  the  hydrolysis  of  vinyl 
phenyl  ether. 

As  we  know,  the  hydrolytic  cleavage  of  vinyl  alkyl  ethers  is  an  important 
reaction,  enabling  us  to  study  the  structure  of  the  initial  substances  as  well 
as  the  concentration  of  these  compounds.  A,  Eltekov  [4]  was  the  first  to  hyd¬ 
rolyze  substituted  vinyl  ethers  with  Vjo  sulfuric  acid,  as  follows; 

CHa  CHa  / 

)c=CH-0C2H5  +  H2O  - ^  )CH-C-H  +  C2H5OH. 

ch/  ch/ 

In  the  subsequent  researches  of  A.E.Favorsky  [5],  Wlsllcenus  [s],  and 
other  authors,  this  reaction  became  a  method  of  proving  the  structure  of  various 
a, 3-unsubstituted  ethers. 

Lastly,  the  hydrolysis  of  vinyl  alkyl  ethers  is  widely  employed  in  the 
laboratory  and  in  Industry  [t']  as  a  method  for  the  quantitative  determination 
of  the  original  ethers.  Besides  this  methodological  importance,  the  hydrolysJ.s 
reaction  is  of  considerable  practical  value  for  the  industrial  production  of 
acetaldehyde  from  vinyl  ethers.  This  method,  called  the  indirect  hydration  of 
acetylene,  has  been  developed  by  M.F.Shostakovsky, 

This  reaction  has  attracted  considerable  attention  in  view  of  its  great 
methodological  and  practical  significance.  The  chemism  and  the  kinetics  of  the 
hydrolysis  of  vinyl  alkyl  ethers  have  been  the  topics  of  papers  by  M.F.Shosta¬ 
kovsky  and  E.N.Prilezhaeva  [7,8].  Up  to  the  present  time,  however,  no  one  has 
been  able  to  discover  the  conditions  required  for  the  hydrolysis  of  vinyl  phenyl 
ether.  An  attempt  [9]  was  made  to  perform  this  hydrolysis  under  the  conditions 
used  for  hydrolyzing  the  vinyl  alkyl  ethers,  but  it  met  with  failure. 

We  have  found  that  vinyl  phenyl  ether  is  hydrolyzed  under  conditions  that 
are  much  more  severe  than  those  employed  for  the  vinyl  alkyl  ethers.  This  agrees 
with  the  singularities  of  structure  of  the  ether  in  question.  The  presence  of 
the  benzene  ring  in  vinyl  phenyl  ether  causes  a  polar Iza-^ion  of  its  molecule  (l) 
in  which  the  oxygen  loses  its  electron  donor  properties^ 
thus  Interfering  with  the  catalytic  action  of  the  HHal, 
where  the  hydrogen  is  an  electron  acceptor,  as  we  know. 

This  is  likewise  borne  out  by  the  researches  of 
I. P. Losev  and  his  co-workers  [io]|  they  noted  the  lower 

activity  of  vinyl  phenyl  ether  with  respect  to  the  catalytic  action  of  mineral 


CH2=CH-0+ 

II 

■■  “’Q 
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acids  in  its  polymerization  processes.  The  mechanism  suggested  for  the  hydrol¬ 
ysis  of  vinyl  ethers  is  the  same  as  the  mechanism  for  the  hydrolysis  of  a-halo- 
gen  ethers  studied  by  us  previously  [11,12], 


The  hydrolytic  cleavage  of  vinyl  ethers  takes  place  in  the  following 
’  stages:  l)  formation  of  an  oxonlum  coordination  compound  of  the  ether  and  the 
catalyst:  p 

CH2=CI^0R  +  HX  CH2=CH-0-R 

H  _ 


+  x- 


2)  Addition  of  water  (hydration),  resulting  in  the  formation  of  a  hemi- 
acetal: 

CH2=CH-0^  +  X"  +  hOH  — »  -HX  +  CH3-CH( 


and  3)  Cleavage  of  the  resulting  hemlacetal  (the  hydrolysis  proper): 


OR 

CH3-CH( 


-►  ,  ROH  +  CHa- 


+  CEs-^-E. 


yie  sought  for  the  optimum  conditions  for  hydrolyzing  vinyl  phenyl  ether 
by  raising  the  temperature  and  increasing  the  amount  of  catalyst  used,  as  well 
as  by  making  an  investigation  of  the  rate  at  which  the  acetaldehyde  is  formed; 
we  determined  the  latter  by  bisulfite  titration. 

EXPERIMENTAL 


We  produced  the  original  vinyl  phenyl  ether  in  the  autoclave  by  the  Favor- 
sky-Shostakovsky  method  [9]  from  phenol  and  acetylene;  its  constants  were  as 
follows: 

B.p.  155-156";  ng°  1.5225;  d|°  0.97675  MRj)  57.^6;  computed  36.72. 

The  vinyl  phenyl  ether  was  hydrolyzed  as  follows:  20  ml  of  2^  H2SO4  and 
a  weighed  amount  of  vinyl  phenyl  ether  were  placed  in  a  100  ml  ampoule;  the  am¬ 
poule  was  then  sealed  and  Immersed  in  a  water  bath,  which  was  heated  to  boiling 
for  2  hours.  After  it  had  cooled,  the  ampoule's  contents  were  transferred 
quantitatively  to  a  200-ml  measuring  flask;  the  solution  was  brought  up  to  the 
mark  by  adding  distilled  water,  the  contents  were  thoroughly  stirred,  and  then 
the  percentage  of  acetaldehyde  was  determined.  We  added  15  ml  of  0.3  N  bisulf¬ 
ite  to  50  nil  of  the  test  solution;  the  excess  bisulfite  was  titrated  back  with 
0.1  N  iodine  solution.  The  calculation  was  made  from  the  following  formula: 

CH3CH0  =  0-17?‘>8  •  0-0126?  •  100  M(b  -  c)  , 

*  Q, 

where  a  is  the  weight  of  vinyl  phenyl  ether  used,  in  grams;  b  is  the  number  of 
ml  of  0.1  N  iodine  consumed  in  titrating  the  bisulfite  used  Tt>lank  test);  c  is 
the  number  of  ml  of  0.1  N  iodine  consumed  in  titrating  the  excess  bisulfite;  and 
M  is  the  molecular  weight  of  the  vinyl  phenyl  ether.  The  table  lists  only  a  few 
of  the  large  number  of  tests  we  have  run.  We  see  from  the  table  that  vinyl 
phenyl  ether  is  most  fully  hydrolyzed  by  2^  sulfuric  acid.  It  should  also  be 
stated  that  when  the  ampoules  with  the  product  to  be  hydrolyzed  were  not  titra¬ 
ted  immediately  after  heating,  but  20  hours  later,  the  per  cent  of  titrated  acet¬ 
aldehyde  was  diminished  when  the  2^  sulfuric  acid  was  used,  owing  to  the  partial 
polymerization  of  the  former. 
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Hydrolysis  of  vinyl  phenyl  ether  with  H2SO4 


Test  1 
No, 

Weight  of 
vinyl  phenyl 
ether ,  grams 

Dilution 

to 

Quantity  of  solu¬ 
tion  used  for 
titration,  ml. 

c 

b 

CH3CHO 

9 

0.5179 

200  ml 

50 

27.10 

27.10 

45.30 

84.41 

10 

0.5405 

200  ml 

50 

24.95 

24.90 

43.80 

84.00 

12 

0.9004 

200  ml  j 

50 

12.10 
12.00" i 

45.80 

84,57 

Hydrolysis  of 

vinyl  phenyl  ether 

with  2^  H2SO4 

1 

0,6050 

200  ml 

50 

18.60  1 
18.75  1 

43.80 

99.76 

2 

0.4155 

200  ml 

50 

26.50 

26.60 

45.80 

100.0 

3 

0.5747 

200  ml 

50 

20.10 

20,05 

43.80 

99.21 

SUMMARY 

A  study  has  heen  made  of  the  hydrolysis  of  vinyl  phenyl  ether,  which  re¬ 
sists  the  action  of  dilute  mineral  acids,  and  the  optimum  conditions  for  its 
hydrol’rtic  cleavage  have  heen  determined. 
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III»  DEHYDRATION  OF  METHYL“n-PROFYLACETYLENYLCARBlNOL 
AND  OF  a,  (X-ACETYLENYLCYCLOPENTANOL 

I.  A.  Favorskaya  ana  tne  stuaent  l„  V„  Feaorova 


One  of  the  methods  used  to  prepare  hydrocarbons  with  conjugated  double  and 
triple  bonds  is  the  dehydration  of  tertiary  acetylenic  alcohols.  Whenever  the 
splitting  out  of  the  water  can  be  done  in  two  ways,  the  principal  reaction  prod¬ 
uct  will  be  the  Isomer  produced  as  the  result  of  the  detachment  of  a  hydrogen 
atom  from  the  least  hydrogenated  carbon  atom.  But  no  one  has  made  a  study  - 
even  an  approximate  one  -  of  the  proportions  of  the  isomeric  hydrocarbons  pro¬ 
duced  by  dehydrating  tertiary  acetylenic  alcohols. 

In  the  present  paper  we  have  endeavored  to  solve  this  problem  for  methyl- 
n-propylacetylenylcarbinol.  Our  interest  in  this  investigation  was  stimulated 
by  the  following  considerations s  wholly  pure  Individual  hydrocarbons  must  be  em¬ 
ployed  in  studying  the  addition  reactions  of  various  agents  to  monovinylacetyl- 
enlc  hydrocarbons.  But,  if  dehydration^ yields  a  mixture  of  two  hydrocarbons, 
even  narrow  fractions  collected  in  the  coarse  fractionation  of  the  resultant 
mixture  will  not  be  individual  hydrocarbons. 

Shikhnev  [i]  made  a  study  of  the  dehydration  of  methyl-n-propylacetylenyl- 
carblnol  over  magnesium  sulfate.  Investigating  the  92-95*  fraction,  to  which  he 
assigned  the  structiire  of  5-iQethyl-5-hexenyne-l,  on  the  basis  of  oxidation  and 
ozonation.  But  in  this  case,  we  cannot  judge  the  proportions  in  the  mixture  of 
isomeric  hydrocarbons  from  their  oxidation  and  ozonatlonj  we  can  draw  no  con¬ 
clusions  as  to  the  amount  of  butyric  acid  present  when  it  exists  in  small  am¬ 
ounts  mixed  with  formic,  acetic,  and  propionic  acids. 

We  chose  the  following  method  of  determining  the  percentages  of  isomeric 
hydrocarbons  in  the  mixture;  the  mixture  of  hydrocarbons  produced  by  dehydration 
was  converted  into  the  corresponding  unsaturated  ketones  by  the  Kucherov  method. 
The  hydration  products  were  fractionated  in  vacuum,  semicarbazones  prepared  from 
the  first  and  the  last  fractions,  these  semicarbazones  proving  to  be  semicarb¬ 
azones  of  two  different  ketones.  The  amount  of  the  ketone  containing  a  terminal 
methylene  group  present  in  the  Intermediate  fractions  was  determined  by  ozonation 

The  problem  involved  the  quantitative  determination  of  formaldehyde  and 
formic  acid  in  the  decomposition  products  of  the  ozonlde.  The  method  of  quanti¬ 
tatively  determining  the  terminal  methylene  group  by  ozonation  was  previously 
employed  by  D' Oeuvre  [2]  in  determining  the  proportions  of  the  a-  and  3-  forms 
of  methylheptanone .  The  author  measured  the  quantity  of  the  a-form,  containing 
the  terminal  methylene  group,  by  determining  it  in  the  ozonation  products  of  the 
formaldehyde.  The  latter  was  determined  color Imetrically,  making  use  of  the 
ability  of  formaldehyde  to  color  a  solution  with  a  Gros-Bol  reagent. 

Inasmuch  as  the  ozonlde  was  decomposed  with  sulfur  dioxide,  it  was  believed 
that  there  is  no  formic  acid  among  the  decomposition  products  of  the  ozonlde. 

In  our  investigation  we  employed  the  procedure  worked  out  by  A. I. Yakubchik  [a] 
to  determine  the  formaldehyde  and  the  formic  acid  in  the  decomposition  products 
of  the  ozonlde. 
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5  -Me  t  heneljiexyne  - 1 ' 

+H2O 

CH2=(jJ-CH2-CH2-CH3 

C=0 

I 

CH3 

3 -Me t henehe xanone - 2 

M.p=  of  the  semicarb- 
azone:  l46-l48* 


3-Methylhexen-3-yne-l 

I  +H2O 

CH3--C=CH-CH2-CH3 

fo 

CH3 

3-Methylhexen-5-one-2 
M.p 


[12] 


of  the  semicarbazone ? 
172*0 


It  is  advisable  to  make  a  quantitative  determination  of  the  formic  acid 
and  of  formaldehyde  in  the  ozonation  products  of  a  mixture  of  isomers  whenever 
only  one  of  the  isomers  possesses  a  terminal  methylene  group.  This  method  is 
particularly  attractive  whenever  we  are  investigating  a  mixture  of  hydrocarbons, 
such  as  a  mixture  of  an  asymmetrical  allene  and  a  disubstituted  acetylene  that 
is  isomeric  with  it.  In  our  case,  the  quantitative  data  we  secured  may  be  re¬ 
garded  as  merely  approximate.  First  of  all,  in  analyzing  the  mixture  of  ketones 
produced  by  hydrating  the  mixture  of  hydrocarbons,  we  assumed  that  both  of  the 
isomeric  hydrocarbons,  5-niethene-hexyne-l  and  5-methylhexen-3-yne-l  are  hydrated 
with  equal  ease.  There  is  no  reference  in  the  literature  to  the  effect  of  sub¬ 
stituents  in  the  vinyl  group  of  monovinylacetylene  upon  the  ability  of  the  triple 
bond  to  be  hydrated.  Moreover,  the  unsaturated  ketones  produced  by  hydration 
(by  the  Kucherov  method)  had  to  be  purified  via  their  semicarbazones,  as  the 
minutest  contamination  with  a  monovinylacetylenlc  hydrocarbon  that  had  not  been 
hydrated  could  spoil  our  determination)  since  the  semicarbazones  of  the  isomeric 
ketones  possess  different  solubilities  in  alcohol,  it  is  possible  for  us  to 
change  the  composition  of  the  mixture  somewhat  during  this  operation,  lowering 
the  percentage  of  the  ketone  with  the  terminal  methylene  group. 

Our  investigations  have  indicated  that  the  ketone  containing  a  terminal 
methylene  group,  3-niethenehexanone-2,  totals  about  30^^- 

Therefore,  our  study  of  the  products  of  the  dehydration  of  methyl-n- 
propylacetylenylcarbinol  has  led  us  to  conclude  that  a  mixture  of  isomeric  hydro¬ 
carbons  is  formed  when  water  is  split  out  of  this  carbinol. 


We  selected  a,a-acetylenylcyclopentanol  as  a  carbinol  that  yields  a  single 
product  upon  dehydration.  We  also  chose  this  carbinol  because  the  hydrocarbon 
produced  during  hydration  will  exist  in  only  the  cis  form,  since  trans  closure 
of  a  multiple  bond  is  impossible  in  a  five-membered  ring.  The  resulting  hydro¬ 
carbon,  Ai-cyclopentenylacetylene,  must  be  a  completely  individual  hydrocarbon 
and  must  have  a  quite  definite  structural  formula  and  a  quite  definite  steric 
arrangement  of  its  atoms. 
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Determination  of  the  molecular  weight,  the  constant  refractive  index  for 
all  the  fractions,  and  the  molecular  refraction  all  agree  with  this  structure 
of  the  resultant  hydrocarbon.  Ultimate  analysis  yields  results  that  conform  to 
the  formula  CyHs.  Oxidation  of  the  hydrocarbon  yields  glutarlc,  succinic,  and 
formic  acids.  The  hydrocarbon  forms  a  characteristic  precipitate  with  ammoniac- 
al  cuprous  chloride,  providing  a  high  yield  of  its  sodium  derivative  and  a  60^ 
yield  of  Ai-cyclopentenylpropiolic  acid.  The  hydrocarbon  possesses  still  another 
interesting  property,  however,  which  does  not  follow  from  the  formula  suggested, 
and,  it  would  appear,  demonstrated,  for  it.  This  property  is  its  intense  yel¬ 
low-green  color,  both  in  the  liquid  and  in  the  gaseous  state. 

It  is  of  Interest  to  consider  substances  whose  structure  is  analogous  to 
that  of  the  hydrocarbon  we  have  secured j 


White  crystals  [4]  White  crystals  Yellow  green  liquid 

We  still  cannot  say  why  the  hydrocarlpn  we  have  prepared,  Ai-cyclopentenyl- 
acetylenc,  is  an  intense  yellow  green. 

EXPERIMENTAL  - 

synthesis  of  methyl -n-propylacetylenylcarbinol  [1,5,6].  We  placed  I50  g 
of  powdered  anhydrous  KOH  and  5OO  ml  of  absolute  ether  in  a  three-necked  flask 
fitted  with  a  propeller  stirrer  and  a  reflux  condenser.  The  ether  was  saturated 
with  acetylene  at  0®,  after  which  a  solution  of  75  g  of  methyl  n-propyl  ketone 
in  75  ml  of  absolute  ether  was  added  drop  by  drop  to  the  reaction  mixture  during 
the  course  of  7  hours.  A  strong  current  of  acetylene  was  passed  through  the  re¬ 
action  mixture  throughout  the  experiment.  The  next  day  the  resultant  alcoholate 
was  carefully  decomposed  with  water,  the  alkaline  solution  was  extracted  with 
ether,  and  the  ether  solution  was  saturated  with  carbon  dioxide  and  desiccated 
with  potash,  B.p.  of  methyl -n-propylacetylenylcarbinol;  135-157“ 5  63.7  g  of 
carbinol  prepared.  Yield;  65^.  A  total  of  8,7  g  of  glycol  was  secured  as  a  by¬ 
product. 

Dehydration  of  methyl -n-acetylenylcarblnol,  40  g  of  the  carbinol  was 
passed  through  a  glass  tube  in  an  'atmosphere  of  carbon  dioxide,  the  tube  being 
filled  with  unfired  porcelain  [t"].  The  dehydration  temperature  was  220-230*. 

The  carbinol  was  passed  through  the  tube  for  7  hours.  The  reaction  product  was 
collected  in  a  receiver  chilled  with  ice|  it  separated  sharply  into  two  layers, 
the  top  one  being  the  hydrocarbon,  and  the  bottom  one  water.  The  hydrocarbon 
was  desiccated  above  Na2S04  and  then  distilled^  distillation  yielded  the  follow¬ 
ing  fractions;  l)  b.p,  85-90“,  2  gj  2)  b.p,  91-94*,  l4  g,  n^^  1,43045  3)  b.p, 
95=.98*,  n^^  1,4308,  3  go  The  hydrocarbon  yield  averaged  50-55^^o  The  hydrocarbon 
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produces  a  characteristic  yellow  precipitate  with  aimnoniacal  cuprous  chloride. 

Hydration  of  the  8^-98**  hydrocarbon  fraction.  26  g  of  the  hydrocarbon  mix¬ 
ture,  8.1  g  HgO,  22  ml  H2SO4,  500  ml  H2O  in  64  "ml  of  a  50^  solution  of  ferric 
sulfate  were  placed  in  a  flask  fitted  with  a  stirrer  and  a  reflux  condenser.  The 
reaction  mass  was  stirred  vigorously  and  heated  to  70“  for  5  hours.  The  resulting 
ketones  were  distilled  with  steam,  extracted  with  ether,  and  desiccated  with 
CaClg.  The  ether  was  driven  off,  and  the  ketones  were  distilled  in  vacuum. 

Fractions?  l)  b,p,  35-38*  at  1^  1,4260,  1,4  g;  2)  b.p,  45-46"  at 

l4  mm|  ng^  1,4328,  4,3  g5  3)  47-52^  at  l4  mm,  ng^  1,4390,  5  g;  4)  b,p,  55-57* 
at  l4  mm,  ng^  1,4457^  g. 

Fraction  1.  The  semicarbazone  was  prepared  by  taking  1,4  g  of  the  fraction 
with  a  b,p,  of  35-43*  at  l4  mm  dissolved  in  1,5  ml  of  alcohol,  3  g  of  semicarb- 
azide  hydrochloride,  3  g  of  CH3COOK,  4,5  ml  HsO,  and  3  ml  of  alcohol.  This 
yielded  1,1  g  of  the  semicarbazone  of  the  theoretical).  Th^  resultant  sem- 

carbazone  is  very  soluble  in  alcohol.  The  semicarbazone  had  a  melting  point  of 
l46-l48*  after  recrystallization  from  aqueous  alcohol, 

0,0704  g  substances  15  =  3  ml  N2  (18*,  "jSO  mm),  0,0800  g  substance:  17  =  2 

ml  N2  (18",  780  mm).  Found  N  25,00,  24,75=  CSH15ON3,  Computed 
N  24,85, 

Fraction  4,  1,6  g  St  the  ketone  (b,p,  53-57*  at  l4  mm)  yielded  2,4  g  of 

the  semicarbazone  (lOO^) ,  The  semicarbazone  is  sparingly  soluble  in  alcohol  and 
in  benzene.  It  fuses  at  172*  after  recrystallization  from  alcohol, 

0„0645  g  substances  13=9  md  N2  (17*^  758  mm),  0,0623  g  substance:  13=3 

ml  N2  (l8",  760  mm).  Found  N  25,0,  24,85.  CsHigONs,  Computed 
N  24,85. 

A  test  sample  of  the  semicarbazone  with  a  m,p,  of  l46-l48",  mixed  with 
the  semicarbazone  with  a  m.p,  of  172"  fused  at  140-156",  These  figures  indicate 
that  these  are  two  different  semlcarbazones,  representing  different  ketones. 

We  made  a  quantitative  determination  of  the  amount  of  ketone  with  a^term- 
inal  methylene  group  in  the  second  and  third  fractions  of  the  ketone  mixture, 
with  a  b.p,  of  43-52*  at  l4  mm.  Analysis  of  Fractions  2  and  3  indicated  that 
they  contain  a  minute  trace  of  the  hydrocarbon.  Fraction  2  produces  an  insig¬ 
nificant  yellowish  turbidity  with  ammonlacal  cuprous  chloride,  while  Fraction 
5  yields  no  precipitate  of  copper  acetylenide,  though  ultimate  analysis  of  this 
fraction  indicates  a  somewhat  higher  percentage  of  carbon  (some  1.5*^)  >  evidence 
of  the  trace  of  the  hydrocarbon.  The  traces  of  the  hydrocarbon  were  eliminated 
from  the  ketone  mixture  by  converting  the  latter  into  semlcarbazones  and  then 
regenerating  the  ketones  from  the  latter.  The  ketone  mixture  then  boiled  at 
30-41*  at  7  nini= 

Ozonation  of  the  ketone  mixture  with  a  b.p,  of  30-41°  at  7  nmi.  4  g  of  the 
ketone  mixture  was  dissolved  in  40  ml  of  chloroform.  Ozonation  was  effected  by 
the  A, I, Yakubchik  method,  allowing  for  the  concentration  of  ozone  before  and 
after  the  test  tube  containing  the  substance  was  weighed, 

4  g  of  the  ketone  theoretically  required  1,71  g  of  O3,  but  it  actually  ab¬ 
sorbed  1,97  g  of  O3,  Ozonation  was  stopped  when  the  concentration  of  ozone  be¬ 
hind  the  test  tube  containing  the  substance  became  constant.  The  ozonides  were 
decomposed  by  heating  them  with  70  ml  of  water  over  a  water  bath. 

The  formaldehyde  was  determined  quantitatively  by  condensation  with  dime- 
done,  5  iiil  of  the  ozonide  solution  was  added  to  0,2  g  of  dimedone  dissolved  in 
100  ml  of  boiling  water.  When  the  mixture  boiled,  0,0488  g  of  a  precipitate  was 
thrown  down,  M.p,  187-189“ ,  A  test  sample  fused  at  188-I89"  when  mixed  with 
the  known  condensation  product  of  formaldehyde  and  dimedone.  The  formaldehyde 
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totaled  O0O9  g,  recomputed  in  terms  of  the  entire  solution.  The  formic  acid  was 
determined  quantitatively  by  the  Finke  method  [e].  The  formic  acid  found  in  the 
ozonide  decomposition  products  totaled  0„3319  g^  equivalent  to  0,2l64  g  of  formal¬ 
dehyde.  The  total  formaldehyde,  l.e.,  that  determined  by  the  Finke  method  plus 
the  free  formaldehyde  determined  via  dlmedons,  was  O.368  g.  Hence  the  J-methene 
hexanone-2  ketone  totaled  1.37  g-  The  quantity  of  ketones  in  Fractions  1  and 
2  was  recomputed  from  the  total  semicarbazones .  The  overall  quantity  of  3-nieth§'ne- 
hexanQne-2  totaled  2.06  g.  Hence,  the  mixture  contained  about  '^0^  of  the  ketone 
with  a  terminal  methylene  group. 

Synthesis  of  a,a-acetylenylcyclopentanol  [4].  The  a,a-acetylenylcyclopent- 
anol  was  synthesized  by  the  well-known  A.E.Favorsky  reaction.  I50  g  of  powdered 
anhydrous  KOH  and  400  ml  of  absolute  ether  were  placed  in  a  three-necked  flask. 
After  the  ether  had  been  saturated  with  acetylene,  5O  g  of  the  ketone  dissolved  in 
350  nil  of  ether  was  added  in  the  course  of  10  hours.  The  carbinol  yield  was  6O.3 
g,  or  92^  of  the  theoretical,  3  g  of  glycol  was  recovered  as  a  by-product.  The 
boiling  point  of  the  carbinol  was  159-l6l®.  The  distilled  carbinol  solidified  into 
acicular  crystals  with  a  m.p.  of  26-20*. 

Dehydration  of  a,a-acetylenylcyclopentanol.  00  g  of  the  carbinol  was 
passed  through  a  glass  tube  filled  with  unflred  porcelain  for  9  hours  in  an  atmos¬ 
phere  of  carbon  dioxide.  The  dehydration  temperature  was  240-250*.  The  reaction 
product  was  collected  in  a  receiver  chilled  with  snow.  The  crude  product  weighed 
70.7  go  The  resultant  product  was  distilled  into  a  tower  in  vacuum. 

Fractions:  l)  b.p.  56-59*  at  100  mm,  n^°  1,4075^  8.4  g|  2)  b.p.  6O-61*  at 
100  mm,  np°  1.4000,  9=0  g|  3)  residue  (did  not  distil)  -  the  carbinol. 

The  yield  of  the  hydrocarbon  was  30-40^  of  the  theoretical.  Immediately 
after  its  preparation  the  hydrocarbon  is  a  highly  mobile  volatile  liquid,  gradually 
turning  viscous  upon  standing^  it  forms  a  characteristic  precipitate  with  ammonia- 
ca4  cupr.oqs  chloride,  Aand  forms  a  precipitate  with''ammoniacal  silver  nitrate.  An 
extremely" interesting  peculiarlcy'  of  this  hydrocarbon  is -its  Intensely  yellow- 
green  color,  which  is  visible  even  in  its  vapor, 

B.p.  60-6l*  at  100  ma;  d|°  O,0507|  1.400O|  MRp  30.07?  computed  29-86, 

0,1067  g  substance:  O.5560  g  CO25  0,0003  g  H2O, '  O.II3O  g  substance: 

0.3779  g  OO2I  0.0930  g  H2O.  0,1707  g  substance?  l6,73  g  benzene:  At  O.61*; 

0.2740  g  substance:  l6,75  g  benzene:  At  0,00*.  Found  C  91-19^  91»21j 
H  9-24,  9-12?  M  90,7,  96,4,  CyHe-  Computed  C  91,245  H  0,76?  M  92. 

Ozonation  of  the  hydrocarbon  yielded  an  exceptionally  stable  ozonide,  which 
turned  into  tar  when  decomposed, 

0,4  g  of  the  hydrocarbon  and  320  ml  of  acetone  were  used  for  oxidation. 
Oxidation  was  effected  with  a  31°  permanganate  solution  (56  g  of  KMn04  in  1000  ml 
of  H2O) .  Oxidation  yielded  minute  amounts  of  two  acids:  l)  an  acid  with  a  m.p,  of 
94-95* >  a  test  sample  of  which  fused  at  94-95*  when  mixed  with  known  glutaric 
acid?  and  2)  an  acid  with  a  m.p.  of  177-179* ^  a  test  sample  of  which  fused  at 
100-10.1*  when  mixed  with  known  succinic  acid.  Considerable  formic  acid  was  also 
found  in  the  oxidation  products. 

Hydrogenation  of  Ai-cyclopentenylacetylene,  The  Ai-cyclopentenylacetylene 
was  hydrogenated  catalytlcally  with  Pt  black  in  a  solution  of  ethyl  alcohol.  0.0 
g  of  the  hydrocarbon  in  50  ml  of  alcohol  and  0,1  g  of  platinum  black  were  used. 
Theoretically,  584  ml  of  H2  is  required.  Actually  570  ml  of  H2  (0*,  76O  mm)  was 
absorbed,  i.e,,  97-6^  of  the  theoretical  (cf.  the  table). 

The  shape  of  the  resultant  curve  (cf  the  figure)  is  typical  of  acetylenic 
hydrocarbons  [s].  The  resultant  solution  of  the  hydrogenated  substance  is  color¬ 
less?  it  forms  no  precipitate  with  ammoniacal  silver  nitrate?  and  it  does  not  de¬ 
colorize  a  permanganat  solution. 
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Time, 

minutes 

H2  absorbed, 
ml 

H2  absorbed, 
ml 

Time, 

minutes 

H2  absorbed, 
ml 

2 

23 

2 

74 

1 

2 

1.6 

2 

23 

2 

88.6 

2 

1,0 

2 

28,4 

2 

30,8 

2 

0,6 

2 

28,8 

2 

16.8 

4 

0.8 

2 

50.5 

2 

21,2 

4 

0.8 

2 

30,8 

2 

10.6 

4 

0.8 

2 

32.3 

2 

7.4 

6 

0,4 

•  2 

36.4 

2 

6.4 

10 

0.3 

2 

36.8 

2 

4 

25 

0.5 

2 

39*7 

45 

1.2 

Preparation  of  Ai -cyclopentyl - 
proplollc  acid.  lo2  g  of  metallic 
sodium  was  heated  to  boiling  In  abs¬ 
olute  xylene.  After  the  sodium  melt¬ 
ed,  the  sodium  was  converted  Into 
finely  divided  metal  by  rapidly  and 
vigorously  shaking  the  flask  contain¬ 
ing  the  molten  sodium.  4  g  of  Ai- 
cyclopentenylacetylene  was  added  to 
the  cooled  sodium  In  the  xylene.  At 
the  beginning,  the  mixture  had  to  be 
heated  to  90*  for  the  reaction  to 
set  In,  after ‘Which  the  temperature 
rose  by  Its  If  to  110*.  The  whole  re¬ 
action  flask  was  filled  with  a  precipitate  of  the  sodium  derivative.  After  the 
mixture  had  cooled,  anhydrous  carbon  dioxide  was  passed  through  It  for  20  hours. 
The  resulting  salt  was  extracted  with  water,  and  the  acid  was  extracted  with 
ether  after  acldulatlon  with  dilute  H2SO4.  The  ether  solution  was  desiccated 
above  calcined  Na2S04.  The  ether  was  driven  off  In  vacuum,  the  acid  remaining 
In  the  flask  as  a  crystalline  mass.  The  yield  of  crude  acid  was  about  60%  of 
the  theoretical.  The  acid  fused  at  139-1^0“  after  recrystalllzatlon  from  benz¬ 
ene. 


0.1148  g  substances  0.2991  g  COgj  0,0586  g  H2O.  0,1096  g  substance: 
18.23  g  glacial  acetic  acids  At  0,l8“.  0,0392  g  substance:  consumed 

2.9  ml  0.1  N  NaOH;  0,1136  g  substances  consumed  8.3  ml  0,1  N  NaOH, 
Found  ^s  C  7I0O5;  H  5*715  M  137.2,»  equlv.  137»3,  137»5o  CqH802.  Com¬ 
puted  i>%  C  70.585  H  5.925  M  1565  equlv,  I36. 


An  excess  of  silver  nitrate  solution  was  added  to  the  solution  of  the 
sodium  salt.  The  precipitated  silver  salt  was  filtered  out  and  washed  with  a 
small  amount  of  water. 


0.1064  g  substance:  O.O556  g  Ag.  O.II67  g  substance:  0,0620  g  Ag, 

Found  ^s  Ag  52.20,  53.1*  C8H702Ag.  Computed  '5^»:  Ag  44,44. 

C8H7'02Ag“AgN03.  Computed  ^s  Ag  52.30. 

The  formation  of  a  double  salt  Is  due  to  the  presence  of  conjugated  double 
and  triple  bonds  In  the  acld5  one  of  the  present  authors  [10]  has  observed  a  sim¬ 
ilar  phenomenon  in  the  case  of  P-tert-butylmonovlnylacetylenecarboxyllc  acid;  on 
the  other  hand,  A.E.Favorsky  [n]  has  pointed  out  that  the  silver  salts  of  acetyl 
enecarboxyllc  acids  decompose  Into  carbon  dioxide  and  a  silver  derivative  of  the 
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hydrocarbon.  It  is  possible  that  this  phenomenon,  i.e.,  the  partial  decomposi¬ 
tion  of  the  salt,  is  also  responsible  for  the  slightly  Increased  percentage  of 
silver  in  the  second  analysis.  We  obtained  further  proof  that  double  silver 
salts  are  formed  only  by  acids  that  contain  conjugated  double  and  triple  bonds 
by  hydrogenating  an  aqueous  solution  of  the  sodium  salt  of  /^i-cyclopentenylpro- 
piolic  acid  above  spongy  palladium.  Analysis  of  the  silver  salts  in  the  hydro¬ 
genation  products  showed  that  the  composition  of  the  salts  was  close  to  the 
normal  one. 


SUMMARY 

1.  Dehydration  of  methyl -n-propylacetylenylcarbinol  above  unfired  porce¬ 
lain  at  22O-25O"  results  in  the  formation  of  a  mixtiire  of  the  isomeric  hydro¬ 
carbons  3-niethenehexyne-l  and  3-methylhexen-3-yne-l. 

2.  Hydrating  the  mixture  of  hydrocarbons  yielded  a  mixture  of  the  unsat¬ 
urated  ketones  5-niethylhexanone-2  and  3-niethylhexen-3-one-2.  The  ketones  were 
identified  as  their  semicarbazones. 

3.  The  hydrocarbon  Ai-cyclopentenylacetylene  was  prepared  by  dehydrating 
a,a-acetylenylcyclopentanol  above  unfired  porcelain. 

4.  Ai-cyclopentenylpropiollc  acid  was  prepared  via  the  sodium  derivative 
of  the  hydrocarbon. 
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THE  METHYLATION  OF  IMIDOSULPAMIUE 


A  V„  Kirsanov  ana  yu„  m.  iioiorov 


Not  a  single  alkyl  imi do sulf amide  is  known  up  to  the  present  time.  It 
was  the  objective  of  the  present  research  to  produce  and  study  the  properties 
of  3-nionomethylimldosulfamideo  Two  methods  were  used  to  synthesize  3-nionomethyl- 
imidosulfamide,  vizo ;  reacting  methyl  iodide  with  the  silver  salt  of  imldosulf- 
amide,  and  reacting  diazomethane  with  free  Imidosulfamideo  It  was  found  that 
methyl  iodide  reacts  fairly  rapidly  with  the  silver  salt  of  imidosulfamide  at 
room  temperature,  only  one  molecule  of  the  methyl  iodide  entering  into  reaction 
with  one  molecule  of  the  silver  salt  during  the  course  of  24  hours,  after  which 
the  reaction  comes  to  a  stop.  The  reaction  products  included:  some  25.9^  of 
the  theoretical  amount  of  crystalline  monomethylimidosulf amide,  some  56.5^  of 
the  theoretical  amount  of  free  imidosulfamide,  and  some  l4^  of  noncrystallizing 
oily  products,  probably  polymethyl imi dosulf amides,  which  have  not  been  investi¬ 
gated  in  any  detail  so  far.  The  reaction  products  were  separated  by  treatment 
with  various  solvents,  followed  by  crystallization.  An  endeavor  was  made  to 
separate  the  free  imidosulfamide  from  the  methylated  forms  by  reacting  it  with 
ammonia  in  ether  solution.  Inasmuch  as  methylimidosulfamide  possesses  no  acid 
properties,  while  imidosulfamide  is  a  strong  monobasic  acid,*  We  had  to  abandon 
this  procedure,  however,  since  tests  run  with  the  pure  substances  showed  that 
methylimidosulfamide  forms  a  crystalline  double  compound  with  ammonia  in  ether 
solution,  the  curious  properties  of  which  will  will  be  reported  on  in  one  of 
our  forthcoming  papers.  The  same  methylimidosulfamide  was  secured  with  a  much 
bettor  yield,  some  75^  of  the  theoretical,  by  reacting  diazomethane  with  free 
imidosulfamide  in  absolute  ether.  The  first  molecule  of  diazomethane  reacts 
with-  the  imidosulfamide  nearly  Instantaneously,  though  subsequent  methylation 
is  much  slower. 

5-Methylimidosulfamide  is  a  colorless  crystalline  substance  with  a  m.p. 
of  ll^-ll^*,  which  dissolves  readily  in  water,  exhibiting  a  neutral  reaction. 

The  neutral  reaction  of  a  freshly  prepared  aqueous  solution  proves  that  the 
methyl  is  attached  to  the  middle  nitrogen  atom,  i.e.,  that  this  methylimidosulf¬ 
amide  has  the  structure  of  ^-methylimidosulfamide: 

NHP-SO2-N-SO2-NH2 

ins 

3-Methylimldosulf amide  is  very  easily  hydrolyzed:  at  room  temperature,  its 
aqueous  solutions  exhibit  an  acid  reaction  with  dimethylyellow  within  I5  minutes 
of  their  preparation.  Hydrolysis  is  apparently  instantaneous  when  the  solution 
is  boiled,  apparently  as  follows: 

NH2-S02N(CH3)-S02-NH2  NH2-SO2-NHCH3  +  NH2SO2OH. 

+II2U 

Hence,  the  hydrolysis  products  must  Include  the  hitherto  unknown  monometh¬ 
yl  sulf  amide. 

*A-  V.  Kirsanov  and  Yu.  M.  Zolotov  ,  j.  Gen.  CSiem.  20,  1790  (1950)  '.see  CB  translation  p.  1851  ff. 
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EXPERIMENTAL 


Methjlation  of  the  silver  salt  of  imidosulf amide  vith  methyl  iodide.  Af¬ 
ter  a  few” preliminary  rests  employing  data  on  the  solubilities  of  the  pure  sub¬ 
stances,  the  following  were  found  to  be  the  optimum  conditions  for  methylation 
and  separation  of  the  reaction  products.  0.01  irr^le  of  the  silver  sal-  or  imido- 
sulfamide  (2.82  g),  carefully  dried  in  vacuum  and  carel’ully  pulverized,  was 

®ixed  with  2,0  ml  of  methyl  iodide,  ^^after  which  the  reaction^mixture^  was  set^  ^ 


aside  to  stand  in  the  dark.  The  next  day,  the  excess  methyl  iodide  was 
driven  off  in  vacuum.  The  residue  weighed  3° 26  g,  i.e,,  its  gain  in  weight 
totaled  1.44  g  instead  of  the  1.42  g  called  for.  The  dry  product  was  treated 
for  1  hour  with  100  ml  of  absolute  ether,  the  ether  solution  was  filtered,  and 
the  residue  was  extracted  three  more  times,  using  15  ml  of  ether  each  time. 

The  combined  ether  extracts  were  evaporated  to  dryness,  first  over  a  water 
bath  at  atmospheric  pressure  and  then  in  vacuum.  After  about  half  of  the  volume 
of  ether  had  been  driven  off,  a  crystalline  precipitate  began  to  settle  out,  the 
amount  of  the  precipitate  increasing  as  evaporation  progressed.  The  dry  residue 
weighed  1.62  gj  the  substance  was  readily  soluble  in  water,  exhibiting  a  strong 
acid  reaction.  To  remove  the  bulk  of  the  free  Imidosulf amide,  which  was  much 
less  soluble  in  ether  than  the  methyllmldosulf amide,  the  dry  residue  was  treated 
for  an  hour  with  50  ml  of  absolute  ether,  the  insoluble  residue  then  being  fil¬ 
tered  out,  washed  three  times  with  1  ml  of',  ether,  and  dried  in  a  vacuum  desic¬ 
cator.  This  yielded  0.4l  g  of  free  imidosulf amide  with  a  m.p.  of  l62-l65‘j  a 
test  sample  fused  at  l63-l64"  when  mixed  with  known  imidosulf amide.  Recrys- 
tallizatlon  from  2  ml  of  acetone  and  6  ml  of  benzene  yielded  0.5  g  of  snow- 
white  needles,  with  a  m.p.  of  164-165",  a  mixed  test  sample  fusing  at  the  same 
temperature.  The  ether  solution  was  evaporated  to  dryness,  at  first  over  a  water 
bath  at  atmospheric  pressure,  and  then  in  vacuum.  The  residue  totaled  1.12  g  of 
a  colorless  crystalline  product  which  softened  at  about  90"  and  fused  at  about 
110® .  The  monomethyllmidosulfamlde  was  recovered  by  boiling  the  product  for  50 
minutes  with  I50  ml  of  absolute  benzene,  filtering  the  benzene  extract  while 
boiling,  and  again  extracting  the  residue  with  I50  ml  of  boiling  benzene.  When 
the  first  benzene  extract  cooled,  O.25  g  of  light,  snow-white  flat  needles,  with 
a  m.p.  of  115-114®  settled  out,  the  second  extract  yielding  O.I5  g  with  a  m.p. 
of  114-115* .  Evaporation  of  the  benzene  mother  liquor  to  a  volume  of  75  ml 
caused  another  0.09  g  of  the  same  product  to  settle  out.  Thus,  the  total  yield 
of  methylimidosulfamide waa''0.49  g,  or  about  25.9^  of  the  theoretical. 


The  0«25  g  of  residue  that  did  not  dissolve  in  benzene  represented  con¬ 
taminated  imidosulfamide.  The  product  was  purified  by  dissolving  it  in  10  ml 
of  ethyl  acetate,  the  slight  deposit  being  filtered  out  of  the  solution,  and 
the  latter  being  evaporated  to  dryness  in  vacuiim.  The  residue  contained  0.23 
g  of  imidosulfamide  with  a  m.p.  of  154-158®;  a  mixed  test  sample  fusing  at  I56- 
160®;  snow-white  needles  with  a  m.p.  of  I62-I65*  after  recrystallization  from 
acetone  and  benzene.  Hence,  the  total  yield  of  free  imidosulfamide  was  0.64  g, 
or  36.5')^  of  the  theoretical. 


The  benzene  mother  liquors  of  the  methylimidosulfamide  were  evaporated  to 
dryness,  in  vacuum  toward  the  end  of  the  process.  The  residue  was  0.28  g  of  an 
oily  noncrystalline  liquid,  which  probably  was  a  mixture  of  a  small  amount  of 
monomethylimidosulfamide  and  dimethyllmidosulfamide  or  higher  polymethyl  deriv¬ 
atives.  The  yield  of  this  product  was  about  l4'^  of  the  theoretical,  based  on 
the  dimethyl  derivative;  hence,  the  overall  yield  of  all  three  reaction' products 
was  about  76.4^  of  the  theoretical.  -  .  .  „  1  :  ^ 


Methylation  of  free  imidosulfamide  with  diazomethane.  0.03  mol  of  pulver¬ 
ized  imidosulfamide  (5.25  g)  was  mixed  with  100  ml  of  absolute  ether;  the  mixture 
was  chilled  to  10°,  and  a  solution  of  dlazomethane  in  ether,  containing  O.O3  mol 
of  diazomethane  (87  ml  of  a  0.545  N  solution),  was  added  to  the  mixture,  with 
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vigorous  manual  stirring »  Nitrogen  was  evolved  violently,  the  solution  was  de¬ 
colorized,  and  nearly  all  the  precipitate  dissolved.  Any  lumps  that  formed  were 
broken  up  with  a  glass  muddler.  Another  5  ml  of  this  solution  of  diazomethane 
was  added,  and  it  took  I5  seconds  for  the  solution  to  be  decolorized;  when  ano¬ 
ther  5  ml  was  added,  the  yellow  color  persisted  for  minutes.*  - 

w  ll  .  _ U.'  .  li  „ 

A  small  quantity  of  activated  charcoal  vas  added  to  thei  slightly  turbid 
etjier  solution,^  which  was  then  filtered,  yielding  a  transparent^  colorless  ether 
solution,  which  was  evaporated  o/ef  a  water  bath  to  an  aggregate  weight  of  50*0 
g,  crystals  beginning  to  form  from  the  hot  solution.  25O  ml  of  absolute  benzene 
was  added  during  the  course  of  1  or  2  minutes  to  the  hot  solution,  while  the 
latter  was  slowly  stirred  by  hand,  and  the  whole  was  set  aside  for  2  hours  to 
crystallize.  The  methylimidosulfamlde  settled  out  of  the  solution  as  fine, 
colorless,  transparent,  highly  refractive,  flat  prisms,  which  were  extremely 
hard  and  stuck  to  the  walls  and  bottom  of  the  flask  with  unusual  tenacity.  Suc¬ 
tion  filtering,  washing  with  benzene,  and  drying  in  a  vacuum  desiccator  yielded 
5.7  g  of  methylimidosulfamlde  with  a  m.p,  of  113-114*.  Tbe  ether  was  driven 
off  from  the  mother  liquor,  together  with  part  of  the  benzene,  until  its  weight 
totaled  180  g,  and  the  slightly  turbid  solution  was  set  aside  to  stand  overnight. 
This  caused  light  flat  needles  to  settled  out;  they  were  suction-filtered,  washed 
with  benzene,  and  recrystallized  from  5  ml  of  acetone,  followed  by  precipitation 
with  25  ml  of  benzene.  Within  2  hours  large  beautifully  formed,  transparent, 
water -white  prisms  settled  out;  they  were  suction  filtered  12  hours  later,  washed 
with  benzene,  and  desiccated  in  vacuum.  This  yielded  another  0.6  g  of  metliyl- 
Imldosulfamlde  with  a  m.p.  of  112-113*.  The  aggregate  yield  of  monomethyllmido- 
sulf amide  totaled  4,3  g,  or *75 *7^  of  the  theoretical.  All  the  mother  liquors 
were  combined  and  evaporated  to  dryness,  in  vacuum  toward  the  end  of  the  process. 
The  residue  was  0.43  g  of  a  light-yellow  oily  liquid,  which  slowly  yielded  a 
small  quantity  of  two  kinds  of  crystals,  prisms  and  needles.  The  bulk  of  this 
product  probably  consisted  of  polymethylimldosulf amides,  which  were  not  inves¬ 
tigated  in  detail. 

The  entirely  pure  monomethylimidosulfamide  fuses  at  114-115*  (uncorr.), 
though  it  begins  to  sweat  at  112* .  Methylimidosulfamlde  has  a  slightly  bitter 
taste;  its  freshly  prepared  aqueous  solutions  are  also  slightly  bitter,  but 
their  taste  quickly  turns  Intensely  sour  when  allowed  to  stand  at  room  tempera¬ 
ture. 

Methyllmidosulfamide  is  highly  soluble  in  water,  methanol,  ethyl  alcohol, 
acetone,  and  ethyl  acetate,  but  it  is  very  slightly  soluble  in  carbon  tetrachlor¬ 
ide,  slightly  soluble  in  cold  benzene,  and  somewhat  more  soluble  in  hot  benzene. 
It  is  easy  to  crystallize  small  amounts  of  methylimidosulfamlde  from  boiling 
benzene.  When  100  g  of  a  saturated  boiling  solution  is  cooled  to  20  g,  0.22  g 
of  the  substance  settles  out  as  flat,  light, ^  snow-white  needles  that  are  nearly 
invisible  when  in  the  liquid.  At  20®  only  0.033^  of  methylimidosulfamlde  is 
soluble  in  benzene  ( 149.1  g  of  satiirated  solution  contains  0.0490  g  of  the  sub¬ 
stance).  It  is  easier  to  crystallize  large  quantities  of  methyllmidosulfamide 
by  precipitating  it  with  benzene  from  an  ether  solution  as  described  above,  or, 
even  better,  by  precipitating  it  with 'five  volumes  of  benzene  from  an  acetone 
or  ethyl  acetate' solution,  the  methyllmidosulfamide  then  settling  out  as  trans¬ 
parent,  flat,  lustrous  prisms.  At  20®,  a  saturated  acetone  solution  contains 
less  that  49.3^  and  more  than  46.9^  of  methylimidosulfamlde  (0.77  g  of  the  sub¬ 
stance  did  not  dissolve  completely  in  0.79  g  of  acetone,  but  did  dissolve  in 
0,87  g  of  acetone).  At  I8"  a  saturated  ether  solution  contains  2,86^  of  methyl- 
imldosulfamide,  100  ml  containing  2.04  g  (6.17  g  of  the  saturated  solution  con¬ 
tained  0,1762  g  of  the  substance). 

0.5013  g  substance:  0.1192  g  CO2;  0,l688  g  HpO.  O.5267  g  substance: 

■f  -  - - - 

Tte  addition  of  a  large  excess  of  diazomethane  should  be  avoided,  since  this  reduces  the  yield  of  aiethyl- 

imidosu If amide  and  increases  the  yield  of  the  noncrystallizing  products, 
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00.228 ‘  g  CO25  0,1742  g  H2O.  7.25  mg  substance:  1,393  ml  N2  (l9“,  75^ 
mm).  6.34  mg  substance;  1,227  ml  N2  (l9*^  75^  mm).  O.III3  g  substance: 
6.2733  g  BaS04.  0.1217  g  substance:  0.2991  g  BaS04.  0.6375  g  substance 
in  10  ml  vater:  6.7  ml  0.5  N  alkali  (titration  of  the  hot  solution  with 
phenolphthalein)i.  Found  C  6.37,  6.36;  H  3-70,  3.70j  N  22. 4l,  22.5I5 
S  33.73j  33.75;  M  190.3.  CH7O4N3S2.  Computed  C  6.34?  H  3-73;  ' 

N  22.21;  S  33.88j  M  189,2. 

SUMMARY 

3-Monomethylimldosulfamide  has  been  synthesized  and  its  properties  de¬ 
scribed. 

Chair  of  Organic  Chemistry 

J.V. Stalin  Metallurgical  Institute  of 
Received  May  27,  1949.  Dnepropetrovsk 
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THE  PHOTOREACTION  OF  FHEN YLMERCURY  HYOtROXIUE 


G.  A  Razuvayev  ana  Go  Go  Petukhov 


Previously  published  papers  [i]  have  described  the  photoreaction  of  org- 
anometallic  compounds  of  mercury  of  the  RsHg  type.  It  has  been  the  objective 
of  the  present  research  to  investigate  the  analogous  reactions  for  mixed  mercury 
derivatives,  RHgX.  Halogen  compounds,  RHgHal,  have  been  frequently  synthesized 
in  the  photoreactions  of  RsHg  in  solvents  containing  halogens,  manifesting  them* 
selves  as  very  unreactive  substances.  They  undergo  no  appreciable  change  upon 
prolonged  irradiation.  We  therefore  took  as  the  substances  for  investlga1;lon 
phenylmercury  hydroxide  and  phenylmertury  acetate.  Both  of  these  substances 
react  lonlcally  in  many  reactions,  dissociating  as  follows; 

CsHsHgOH  *« — -  CsHsHg-  +  HO'  . 

It  might  have  been  thought,  however,  that  the  action  of  light  in  solvents  with  a 
low  dielectric  constant  would  cause  the  reaction  to  yield  the  following  radicals 

CgHs  :  Hg  :  OH  CgHs  ;  Hg  •»+  »  OH. 

Experimental  data  have  borne  out  this  supposition.  Phenylmercury  acetate  reac¬ 
ted  with  great  difficulty,  a  photoreaction  taking  place  only  in  a  solution  of 
cellosolve.  Phenylmercury  hydroxide  reacted  readily,  however,  so  that  most  o‘f 
our  investigations  were  made  with  that  compound.  We  tested  carbon  tetrachloride 
chloroform^  methanol,  cellosolve,  benzene,  toluene,  chlorobenzene,  and 
nitrobenzene.^--  -  The  nature  of  the  photoreactions  generally  resemble 

those  of  diphenylmercury,  though  they  exhibit  several  singularities. 

In  every  case  the  hydroxyl  radical  detaches  hydrogen  from  the  solvent, 
turning  into  water.  When  the  reaction  is  carried  out  in  carbon  tetrachloride, 
water  is  also  formed,  but  here  the  hydrogen  is  detached  from  the  CeHsHg  radical, 
which  is  transformed  into  an  insoluble  organomercury  compound,  which  was  not  in¬ 
vestigated  any  further.  The  CeHsHg  radical  formed  during  photolysis  reacts  with 
solvents  exactly  as  in  the  photoreactions  of  diphenylmercury,  which  forms  a  sim¬ 
ilar  radical  when  acted  upon  by  light.  Phenylmercury  chloride  is  formed  in 
solvents  that  contain  halogen  (CCI4,  CHCI3).  The  process  takes  place  as  follows 
in  these  solvents,  on  the  whole. 


Chloroform; 

CeHsHgOH  +  h v 

CHCI3  +  *0H  - i 

CeHsHg-  +  CHCI3 

JCeHsHg  — ♦  CeHs' 
ICeHs*  +  CHCI3 

2-CCI3  -♦CsCle. 


CeHsHg  -  +  -  OH. 

H2O  +  “CCI3. 

— ►  CeHsHgCl  +  “CHCI2  (principal  reac^ilon) . 

i 

(side  reactions) 


+  Hg 
CeHe  + 


■CCl, 


The  metallic  mercury  formed  at  first  reacts  with  the  chloroform  later, 
under  the  action  of  light,  yielding  calomel  and  corrosive  sublimate. 


Carbon  tetrachloride; 

CgHsHgOH  +  hv  — %*  CeHsHg*  +  -OH. 

CeHsHg-  +  “OH  — ►  H2O  +  (C6H4Hg)  etc. 

CsHsHg-  +CCI4  — CgHsHgCl  +  -CCla. 

2“CCl3  ->  CaCle 

Thus  only  some  of  the  CeHsHg  radicals  form  phenylmercurychloride;  the 
others  are  lost  as  the  -result  of  their  yielding  up  hydrogen  to  the  hydroxyl 
groups. 

* 

When  dissolved  in  methanol  or  cellosolve,  the  CeHsHg  radical  breaks  down 
into  mercury  and  the  phenyl  radical,  which  is  converted  into  benzene  and  an  alde¬ 
hyde  as  the  result  of  detachment  of  hydrogen  from  the  solvent.  The  equations  for 
these  reactions  are: 

hv 

CeHsHgOH  +  CH3OH  CeHs  +  Hg  +  HgO  -f  CH2O. 

CgHsHgOH  +  C2H5OCH2CH2OH  -►  CeSe  +  Hg  +  H2O  +  2CH3CHO. 

Side  reactions  result  in  the  formation  of  a  slight  amount  of  diphenyl  via  dimer¬ 
ization  of  the  phenyl  radical.  The  reaction  proceeds  with  much  more  difficulty 
in  a  benzene  solution.  Diphenyl,  water,  and  mercury  are  recovered  after  irrad¬ 
iation.  Hence,  the  equation  involved  is: 

CsHsHgOH  +  CeHe  - ►  CeHs-CeHs  +  Hg  -f  H2O. 

This  reaction  is  quite  analogous  to  the  decomposition  of  phenyldiazonium  hydrox¬ 
ide  in  benzene  [2]: 

CgH5N20H  +  CgHg  - ►  C0H5~C0H^  +  N2  +  H2O1 

hence,  we  have  here  an  amphoteric  substitution  reaction,  as  is  common  in  many 
processes,  such  as^diazonium  salts,  peroxides,  nitroso  acyl  aryl  amines/  ecg.^ 


To  check  this  assumption  we  had  to  use  some  other  aromatic  solvent,  in¬ 
stead  of  benzene.  Then  diphenyl " ought  to  be  substituted  in  accordance  with  the 
following  reaction:  ' 

CgHsHgOH  +  Ai-H  - ^  CgHsAr  +  Hg  +  H2O. 

Tests  made  with  nitrobenzene  and  chlorobenzene  did  not  yield  positive  results. 
Comparatively  little  mercury  was  evolved,  a  complex  mixture  of  products  being 
recovered  and  the  reaction  being  accompanied  by  considerable  tarring.  Part  of 
the  chlorine  was  detached  from  the  chlorobenzene  by  the  mercury.  The  results 
were  good  in  the  toluene  solution,  the  photoreaction  taking  place  as  expected; 

CgHsHgOH  +  CgHgCHg  - ►  CgH5CgH4CH3  +  Hg  +  H2O. 

Besides  this  main  reaction,  we  also  observed  the  formation  of  benzene  as  the  re 
suit  of  the  detachment  of  hydrogen  from  the  solvent  by  the  phenyl  radical. 

hv 

CgHsHgOCOCHg  +  C2H5OCH2CH2OH  CgHg  +  Hg  +  CH3COOH  +  2CH3CHO. 

A  small  amount  of  diphenyl  is  formed  as  a  by-product. 

EXPERIMENTAL 

The  experiments  were  performed  in  quartz  test  tubes,  which  were  hermetic¬ 
ally  sealed  by  stoppers.  When  solvents  that  were  insoluble  in  water  were  used, 
a  glass  cup  was  affixed  to  the  stppper,  containing  calcined  copper  sulfate  to 
absorb  the  water  evolved  during  the  reaction.  Irradiation  was  provided  by  a 
PRK-2  mercury  quartz  lamp. 


Reaction  of  CeHsHgOH  with  methanol  In  cellapolve..  The  mercury  evolved  was 
separated  from  the  solution  after  the  reaction,  washed,  dried,  and  determined 
gravimetrically.  The  solution  was  distilled,  the  initial  fractions  being  dilu¬ 
ted  with  water 5  this  caused  benzene  to  separate  out.  The  amount  of  benzene  was 
determined  gravimetrically.  The  benzene  was  identified  by  nitrating  it  to  m- 
dinitrobenzene  and  finding  its  melting  point,  as  well  as  that  of  a  test  sample 
mixed  with  the  pure  dinitrobenzene.  No  depression  was  observed.  The  aqueous 
layer  left  after  the  removal  of  the  benzene  contained  aldehydes,  their  presence 
being  demonstrated  by  means  of  the  usual  reactions. 

The  formaldehyde  formed  in  the  test  with  methanol  was  Isolated  as  1,2  g 
of  a  dimedone  derivative  with  a  m,p,  of  189“ ,  representing  0,06  g  of  formalde¬ 
hyde,  The  residue  left  after  the  solvent  had  been  removed  was  distilled  with 
steami  this  yielded  diphenyl,  with  a  m.p,  of  70",  which  exhibited  no  depression 
when  mixed  with  the  pure  substance.  The  test  results  are  listed  in  Table  1, 


TABLE  1 


Used 

Irradia- 

Recovered 

CeHsHgOH 

Solvent 

tion 

time, 

hours 

1  Mercury 

Benzene 

Diphenyl 

Name 

g 

g 

g 

% 

2,82 

Cellosolve 

25 

15 

1,78 

94 

0,60 

71 

0,04 

3 

2,06 

Methanol 

25 

20 

1,15 

82 

0,32 

59 

0,01 

4 

Reaction  of  CeHqHgOH  with  chloroform  and  carbon  tetrachloride.  The  pre¬ 
cipitate  that  formed  was  filtered  out  after  the  reaction.  The  corrosive  sub¬ 
limate  was  washed  out  with  hot  water,  Phenylmercury  chloride  was  extracted  from 
the  residue  with  hot  acetone.  Its  melting  point  was  251“  after  recrystalliza¬ 
tion,  exhibiting  no  depression  with  the  pure  substance.  The  residue  left  be¬ 
hind  after  the  acetone  extraction  (in  the  chloroform  test)  contained  calomel 
and  mercury,  the  carbon  tetrachloride  residue  containing  an  Insoluble  organo- 
mercury  compound  which  was  not  investigated  any  further.  The  solvent  was  driven 
off  from  the  filtrate.  The  chloroform  distillate  was  nitrated,  yielding  m-di- 
nltrobenzene,  with  a  m,p,  of  89*,  The  residue  left  after  the  solvent  had  been 
driven  off  was  steam  distilled,  yielding  hexachloroethane,  which  fused  at  183* 
in  a  sealed  capillary  after  purification  (Table  2) , 


TABLE  2 


Used 

Irrad- 

1  Recovered 

Solvent 

iation 

^%_HgC3 

r  Hgcis^ 

1  HgsClg  ! 

L  hsD 

1  CeHe  1 

r  H20  1 

C2CI6 

CgHsHgOH 

time, 

hours 

g 

% 

J 

g 

g 

g 

Name 

ml 

g 

g 

g 

2,15 

CHCI3 

if\ 

OJ 

40 

0o97 

4l 

D,12 

6 

0,65 

34 

0 

1 — 1 

d 

7 

0,05 

8 

0.11 

95 

0,16 

1,70 

CCI4 

20 

40 

1,10 

67 

~ 

- 

- 

- 

- 

- 

- 

- 

0 

0 

71 

0,10 

Reaction  of  CeHqHgOH  with  benzene,  I085  g  of  phenylmercury  hydroxide  was 
irradiated  in  25  ml  of  benzene  for  90  hours.  The  water  evolved  totaled  0,07 
according  to  the  gain  in  weight  of  the  copper  sulfate,  or  57^  of  the  theoretical 
The  mercury  evolved  was ■ separated  from  the  solution^  it  totaled  0,70  g,  or  55^ 
of  the  theoretical.  The  benzene  was  driven  off,  and  the  residue  was  distilled 
with  steam.  This  yielded  0,l8  g  of  diphenyl  with  a  m,p,  of  70“,  which  exhibited 
no  depression  with  the  pure  substance.  The  diphenyl  yield  was  21^, 

Reaction  of  CeHgHgOH  with  toluene,  302  g  of  phenylmercury  hydroxide  was 
irradiated  in  40  ml  of  toluene  for  60  hours.  The  copper  sulfate  gained  O.16  g 
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in  weight,  representing  an  evolution  of  water  that  was  82^  of  the  theoretical. 

The  mercury  was  separated  from  the  solution;  it  weighed  1.8  g  (80^#  of  the  theor¬ 
etical)  .  The  solvent  was  driven  off.  The-  first  fraction,  totaling  1  ml,  was 
oxidized  with  potassium  permanganate.  Oxidation  of  the  toluene  left  benzene, 
which  was  converted  into  m-dinitrobenzene,  with  a  m,p,  of  89* ,  exhibiting  no 
depression  with  the  pure  substance,  by  nitration.  This  yielded  0,08  g  of  di- 
nitrobenzene,  equivalent  to  a  benzene  yield  of  4^.  The  residue  left  after  the 
solvent  had  been  driven  off  was  distilled  in  vacuum,  1,5  g  of  the  fraction  boil¬ 
ing  at  about  112®  at  20  mm  being  collected.  The  analysis  and  properties  of  the 
substance  recovered  indicated  that  it  was  a  mixture  of  the  ortho  and  para  iso¬ 
mers  of  methyldiphenyl , 

0,1893  g  substances  O.6323  g  CO2;  0,1325  g  H2O.  Found  ^s  C  91.I;  H  7.66. 

Ci3Hi2=  Computed  p.  C  92,80;  H  7-^0.  Substance:  O.135O,  0.2002,  O.2554  g; 
beazene  11.345  g:  At  0,34?,  0,544,  0.684®.  Found:  M  171.3,  163.!^,  165.2. 

Computed  M  I68.I,  The  methyldiphenyl  was  oxidized  to  diphenylcarboxyl.ic 

aeid.  The-^ latter  was' titrated  back  in  an  alcoholic  solution  with  phenol- 

‘phthalein  to  determine  the  equivalent. 

7,4  mg  substance:  2.2  mg  KOH,  representing  105^  in  terms  of  C6H5C6H4COOH. 

CfiHcrH-OCOCH-:.  rc;ll  .;;j,j.Ive.  I85  of  phenylmercury  acetate  was  irradiated 

for  30  hours  in  25  mg  of  cellosolve.  The  mercury  evolved  was  separated  from 
the  solution.  The  mercury  totaled  1.6  g,  or  98^  of  the  theoretical.  The  solv¬ 
ent  was  driven  off.  The  first  5  ml  of  distillate  was  distilled  with  water, 
yielding  0,5  g  of  benzene  (82^  of  the  theoretical);  the  benzene  was  identified 
as  m-dinitrobenzene.  The  aqueous  solution  had  an  acid  reaction,  and  it  was 
proved  to  contain  acetic  acid  (qualitative  reaction  and  analysis  of  the  silver 
salt).  The  residue  left  after  the  solvent  had  been  driven  off  was  distilled 
with  steam.  This  yielded  traces  of  diphenyl.  Acetaldehyde  was  found  in  the 
absorber  that  had  been  connected  to  the  reaction  tube  during  the  test.  The 
aldehyde  was  identified  as  the  2,4-dinitrophenylhydrazone,  with  a  m,p.  of  I65®. 

SUMMARY 

1,  A  study  has  been  made  of  the  photoreactions  of  phenylmercury  hydroxide 
with  chloroform,  carbon  tetrachloride,  methanol,  cellosolve,  benzene,  and  tol¬ 
uene  , 

2,  Equations  for  reactions  Involved  are  set  forth,  on  the  assumption  of 
a  primary  dissociation  of  the  hydroxide  into  radicals, 

5,  The  resulting  radicals  react,  depending  upon  the  solvent,  detaching 
hydrogen  from  the  solvent  and  forming  benzene  and  water.  The  CeHsHg*  radical 
forms  phenylmercury  chloride  in  the  solvents  that  contain  a  halogen.  An 
amphoteric  substitution  reaction  takes  place  in  the  benzene  and  toluene  solu¬ 
tions, 

4,  The  photoreaction  of  phenylmercury  acetate  in  cellosolve  is  similar, 
yielding  benzene,  mercury,  acetic  acid,  and  acetaldehyde. 
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THh;  FHUTURb; ACTIONS  OF  OHOANOMFTALLIC  COMPOUNDS  OF  MKRCURY  IN  SOLUTION 


VI.  THt;  REACTIONS  OF  DIMESITYLMERCURY 


G. :  A  Razuvayev,  Yu.,  A  oideKop  ana  tne  stuaent  M..  No  Koroleva 


In  our  previously  published  papers  [i]  we  investigated  the  reactions  of 
diaryl  mercury  with  various  organic  solvents  under  the  action  of  ultraviolet 
light.  A  set  of  reactions  was  suggested,  the  first  stage  of  which  was  the  dis¬ 
sociation  of  the  organomercury  compound  into  radicals.  Using  the  photoreactions 
of  organometallic  compounds,  we  are  thus  able  to  investigate  the  behavior  of 
various  radicals.  Up  to  the  present  time  tests  have  been  made  with  phenyl,  o- 
toluene,  benzyl,  and  naphthyl  derivatives  of  mercury. 

The  behavior  of  the  o-toluene  radical  proved  to  be  very  much  like  that  of 
the  phenyl  radical.  Introducing  a  single  methyl  group  into  the  benzene  ring 
makes  very  little  difference  in  the  properties  of  the  radical.  We  were  intres- 
ted  in  making  a  study  of  dlmesltylmercury.  The  inductive  effect  of  three  methyl 
groups  increases  the  electron  density  of  the  benzene  ring,  which  ought  to  be 
manifested  in  a  weakening  of  the  bond  between  that  ring  and  the  mercury  atom, 
thus  distinguishing  the  mesityl  radical  from  the  others. 

The  dimesityl  mercury  was  prepared  from  bromomesitylene  and  sodium  amal¬ 
gam,  the  yield  totaling  21.3^.  Michaells  [2]  had  previously  synthesized  di- 
mesitylmercury  with  very  low  yields,  according  to  the  author  himself.  He  did 
not  specify  the  synthesis  conditions.  Irradiating  dlmesltylmercury  with  ultra¬ 
violet  light  in  a  cellosolve  or  Isopropyl  alcohol  solution  causes  it  to  break 
down  like  diphenylmercury,  yielding  metallic  Hg  and  mesitylene  as  follows: 

yO 

MessHg  +  C2H5OCH2CH2OH  2MesH  +  Hg  +  CHaC^j^ 

Mes2Hg  +  CH3CHOHCH3  -■*>  2MesH  +  Hg  +  CH3COCH3 
(Mes  =  mesityl) 

The  reaction  of  dlmesltylmercury  in  chloroform  or  in  CCI4  wae  somewhat 
different  from  that  of  diphenylmercury.  In  its  photoreaction,  one  radical  was 
detached,  forming  phenylmercurychloride.  Both  radicals  are  detached  from  the 
dimesitylmercury  under  analogous  conditions.  No  mesltylmercury  chloride  was 
found  in  the  reaction  products.  The  mesityl  radical  reacted  with  the  solvent 
as  did  the  phenyl  radical,  i.e.,  it  detached  a  hydrogen  atom  from  chloroform, 
forming  mesitylene  and  hexachloroethane,  while  the  carbon  tetrachloride  solution 
yielded  mesityl  chloride  and  hexachloroethane.  In  these  reactions  the  mercury 
formed  calomel  and  corrosive  sublimate,  though  some  metallic  mercury  was  also 
evolved  in  the  chloroform  solution.  The  equations  for  these  reactions  were  as 
follows: 

MeS2H  +  CHCI3  2MesH  +  Cl3C~*CCl3i+  Hg2Cl2 

Mes2Hg  +  CCI4  — ^  2MesCl  +  CI3C-CCI3  +  Hg2Cl2. 

The  greater  detachablllty  of  the  mesityl  radical  from  the  Hg  than  was  the 
case  for  the  phenyl  or  toluene  radicals  was  likewise  observed  in  the  reaction 
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of  dimesitylmercury  with  succinimide.  When  diphenyl-  or  ditoluenemercury  is  . 
heated  with  succinimide,  one  radical  is  detached  as  the  corresponding  aromatic 
hydrocarbon,  an  aryl  mercury  succinimide  being  formed,  even  when  the  succinimide 
is  used  in  excess.  The  same  reaction 

Mes2Hg  +  HN(C0CH2)2  — ^  MesH  +  MesHgN(C0CH2)2. 

took  place  with  dimesitylmercury,  but  as  heating  was  continued,  the  second  rad¬ 
ical  was  split  off  as  well; 

MesHgN(C0CH2)2  +  HN(C0CH2)2  MesH  +  Hg[N(C0NH2)2]2. 

The  difference  between  dimesityl  mercury  and  other  fjr-pHG'cori-pounds  .w.;s  ..li;o 
manifested  in  catalytic  decomposition  reactions.  When  an  organometallic  com¬ 
pound  of  mercury  is  heated  with  finely  pulverized  metals,  mercury  is  usually 
evolved,  while  the  radical  is  dimerized.  When  Mes2Hg  was  heated  with  silver, 

Hg  was  evolvedj  the  Mes  radicals  did  not  dimerize,  however,  the  hydrogen  being 
rearranged,  forming  mesitylene  and  tarry  products; 

MeS2Hg  — »>  Hg  +  MesH  +  (Mes-H)n. 

In  all  probability,  the  two  methyl  radicals  in  an  ortho  position  to  the 
trlvalent  carbon  atom  prevent  dimerization.  In  this  respect  the  catalytic  de¬ 
composition  of  Mes2Hg  is  quite  similar  to  the  decomposition  of  dlnaphthylmerc- 
ury,  described  by  us  previously  [3], 

EXPERIMENTAL 

The  Synthesis  of  Dimesitylmercury 

116.5  g  of  a  5^  sodium  amalgam,  23 o 5  g  of  monobromomesitylene,  26  ml  of 
anhydrous  toluene,  and  1,3  ml  of  ethyl  acetate  were  placed  in  a  round-bottomed 
flask.  The  mixture  was  heated  with  a  reflux  condenser  for  l4  hours  over  a 
paraffin  bath  to  130*^  with  frequent  stirring.  Then  the  hot  mixture  was  decanted 
from  'the  metallic  mercury  and  the  unreacted  sodium  amalgam  on  to  a  pleated 
filter.  The . dimesitylmercury  residue  on  the  filter  was  dissolved  with  boiling 
benzene.  The  finely  crystalline  precipitate  of  dimesitylmercury  that  settled 
out  when  the  benzene  cooled  was  filtered  out.  The  filtrate  was  evaporated. 

The  product  that  separated  out  was  combined  with  that  secured  previously  and 
recrystallized  from  benzene.  The  crystals  of  dimesitylmercury  were  washed  with 
95^  alcohol.  The  dimesitylmercury  was  recovered  as  long,  lustrous  needles,  with 
a  m.p.  of  235* >  which  agrees  with  the  data  given  in  the  literature.  The  di¬ 
mesitylmercury  yield  was  g,  or  21,3^  of  the  theoretical. 

Photochemical  Decomposition  of  Dimesitylmercury 

These  experiments  were  performed  in  sealed  quartz  test  tubes.  The  light 
source  was  a  PRK-2  mercury  quartz  lamp. 

1.  Dimesitylmercury  and  cellosolve.  2.5  g  of  dimesitylmercury  and  20  ml 
of  cellosolve  were  irradiated  for  60  hours.  The  solution  remained  colorless  and 
transparent.  The  deposit  of  metallic  mercury  evolved  was  filtered  out,  washed 
with  acetone,  and  weighed.  We  secured  1.0  g  of  mercury,  or  97^  of  the  theoret¬ 
ical  yield.  The  filtrate  was  fractionated  with  a  dephlegmator  into  two  fractions. 
The  first  fraction  smelled  like  acetaldehyde  and  exhibited  the  qualitative  reac¬ 
tions  for  aldehydes  (fuchs insulfur Ic  acid,  silver  mirror).  The  second  fraction 
was  diluted  with  water,  and  the  upper  mesitylene  layer  was  removed.  We  collected 
0<'97  g  of  mesitylene,  or  71*5^  of  the  theoretical  yield.  The  boiling  point  was 
165“,  as  determined  by  the  Sivolobov  methodj  the  mesitylene  was  also  nitrated  to 
2,L,6-trinltro-l,3;5-‘trimethylbenzene,  with  a  m.p,  of  233“  after  recrystalllza- 
tion  from  alcohol,  which  exhibited  no  depression  when  mixed  with  the  pure  sub¬ 
stance. 


2.  Dimesitylmercury  and  isopropyl  alcohol.  1  g  of  dimesitylmercury  was 


irradiated  for  440  hours  in  I5  ml  of  isopropyl  alcohol.  The  solution  remained 
transparent.  The  deposit  of  metallic  mercury  was  filtered  out  and  washed  with 
acetone,  from  which  0,05  g  of  Ihe  theoretical)  of  the  dimesitylmerciiry  that 
had  not  entered  into  the  reaction  crystallized  out.  The  metallic  mercury  weighed 
0.42  g,  or  85,5^  of  the  theoretical.  Acetone  was  detected  in  the  filtrate;  re¬ 
action  with  sodium  nitroprusside  and  formation  of  the  semicarhazone,  m,p.  186*, 
exhibiting  no  depression  when  mixed  with  the  known  semicarhazone  of  acetone. 

The  residue  left  after  the  acetone  had  been  driven  off  was  diluted  with  water; 
this  yielded  mesitylene,  which  was  extracted  with  ether.  The  mesitylene  recov¬ 
ered  weighed  0,4  g  (77^  of  the  theoretical  yield);  it  was  identified  as  2,4,6- 
trinitro-l,5,5-'ti*lmethylbenzene,  with  a  m,p.  of  233* ^  exhibiting  no  depression 
with  the  pure  substance, 

--3°  Dimesitylmercury  and  chloroform,  2  g  of  dimesitylmericury  was  irradia¬ 
ted  for  130  hours  in  20  ml  of  chloroform,  .The  solution  turned  light  brown.  The 
deposit  was  filtered  out,  and  it  was  found  to  contain  calomel  and  corrosive  sub¬ 
limate,  The  deposit  was  washed  several  times  with  warm  water  to  dissolve  the 
corrosive  sublimate;  hydrogen  sulfide  was  passed  through  the  solution,  and  the 
mercuric  sulfide  was  filtered  out.  The  mercuric  sulfide  weighed  0,88  g  (84*^ 
of  the  theoretical).  The  residue  that  was  Insoluble  in  water  consisted  of  0,l4 
g  of  calomel  (8,2^  of  the  theoretical)  and  0,04  g  of  mercury  (4.4^  of  the 
theoretical).  Thus  the  mercury  recovered  totaled  98,6^  of  the  theoretical  yield, 
Mesitylene  and  hexchloroethane  were  recovered  from  the  filtrate  by  distillation. 
The  mesitylene  was  nitrated  to  2,4,6-trinitro-l,3^5-l^imethylbenzene,  with  a 
m,p,  of  232®,  exhibiting  no  depression  with  the  pure  substance.  The  hexachloro- 
ethane  was  sublimated  above  sulfuric  acid;  it  had  a  m.p,  of  I86",  exhibiting  no 
depression  with  the  pure  preparation, 

4,  Dimesitylmercury  and  carbon  tetrachloride.  2,5  g  of  dimesitylmercury 
was  irradiated  for  I50  hours  in  25  ml  of  carbon  tetrachloride.  The  solution 
turned  yellow.  The  deposit,  which  consisted  of  calomel,  was  filtered  out  and 
washed  with  acetone.  The  deposit  weighed  1,31  g  (98^  of  the  theoretical  yield). 
The  filtrate  was  distilled  and  found  to  contain  hexachloroethane,  m.p,  186" 
after  sublimation  above  sulfuric  acid,  exhibiting  no  depression  with  the  pure 
substance.  The  residue  left  after  the  solvent  had  been  driven  off  was  nitrated, 
the  nltro  product  turning  out  to  be  6-chloro-2,4-dinitro-l,3^5-'trimethylbenzene, 
with  a  m.p,  of  178°  (recrystallized  from  alcohol). 

No  mesitylmercury  chloride  was  found  in  Experiments  3  or  4, 


Experiment  1,  2  g  of  dlmesl1:ylmercury  and  1.1  g  of  succlnimide  were 

placed  in  a  tiny  flask  with  a  sword-shaped  extension,  connected  to  a  reflux  con¬ 
denser,  The  reaction  lasted  3  hours,  the  flask  being  heated  to  I70*  over  a 
paraffin  bath.  The  mesitylene  collected  in  the  outlet  tube  weighed  O.85  g 
(78^  of  the  theoretical).  The  boiling  point  of  the  mesitylene  was  162"  by  the 
Sivolobov  method;  the  mesitylene  was  nitrated  to  2,4,6-trinitro-l,3;5-lrimethyl- 
benzene,  with  a  m.p.  of  232“  (from  alcohol),  which  exhibited  no  depression  with 
the  pure  preparation.  The  solid  brown  deposit  on  the  bottom  of  the  flask  was 
washed  repeatedly  with  boiling  water.  After  it  had  been  dissolved  completely 
the  flask  was  found  to  contain  0,02  g  of  metallic  mercury  (2^  of  the  theoretical 
3^eldJ ,  The  precipitate  that  -settled  out  of  the  aqueous  extract  —  minute  needles 
was  filtered  out;  it  was  subsequently  proved  to  be  mesitylmercury  succlnimide. 

The  filtrate  contained  ionized  dlsuccini...lCe  u:ercury,  which  was  freely"  sblnble  in 
water.,  .After  a  preliminary  test  for  the  mercury  ion,  the  solution  was  evapora¬ 
ted-, ,  and  the  mercury  was  precipitated  with  hydrogen  sulfide  as  mercuric  sulfide. 
The  mercuric  sulfide  weighed  0,62  g,  corresponding  to  60^  of  disuccinimidemerc- 
ury.  The  mesitylmercury  succlnimide  totaled  0,6  g,  or  31-8^  of  the  theoretical 


yieldj  it  had  a  m.p,  of  205-206“  after  double  recrystallization  from  water 
and  aqueous  alcohol o  Mesityl mercurysuccinimide  consists  of  lustrous  needles 
that  are  very  slightly  soluble  in  cold  water,  more  soluble  in  hot  water  and  in 
alcohol,  freely  soluble  in  benzene,  toluene,  and  acetone,  and  very  soluble  in 
chloroform. 


Table  showing  the  Photodepomposition  of  Dimesitylmercury 


Quantity  of 
dimesityl¬ 
mercury,  g 

Solvent 

Irradia- 

time, 

hours 

Aggregate  ^ 
decomposition 
in  terms  of 
mercury 

Decomposition  products 

2.5 

1 

2 

2.5 

HOCH2CH2O 

C2H5  .,,,.0,0, 

CH3CHOHCH30  C  ,  , 

CHC13  ........ 

CC14  ......... 

40 

440 

130 

150 

97 

98.3 

96.6 

98 

Mesitylene,  aldehyde, 
mercury 

Mesitylene,  acetone, 
mercury 

Mesitylene,  calomel,  cor¬ 
rosive  sublimate,  hexa- 
chloroethane ,  mercury 

Chloromesltylene,  calomel 
hexachloroethane 

The  structure  of  mesitylmercury  succlnimide  was  confirmed  by  its  reaction 
with  hydrochloric  acid.  An  exactly  equivalent  quantity  of  an  alcoholic  solution 
of  concentrated  hydrochloric  acid  was  added  to  a  hot  water-alcohol  solution  of 
mesitylmercury  succlnimide.  The  precipitated  crystals  were  filtered  out;  they 
fused  at  200",  which  agrees  with  the  data  in  the  literature.  Adding  hydrochloric 
acid  in  excess  results  in  the  formation  of  corrosive  sublimate,  which  was  iden¬ 
tified  by  the  reaction  for  the  ion  of  divalent  mercury. 

0.1738  g  substance:  0,097^  g  HgS.  O.O616  g  substance;  .0,5896  g  camphor: 

At  10“ .  Found  Hg  47. 90^  M  4l8,  CiaHisOgNHg.  Computed  Hg  48.04; 

M'  417.6. 

Experiment  2.  This  experiment  was  run  in  order  to  trace  the  course  of  the 
reaction  of  dimesitylmercury  with  succlnimide  with  time.  Heating  went  on  for 
40  minutes.  Forty  minutes  after  the  start  of  the  reaction,  0.8  g  of  dimesityl¬ 
mercury  and  0.44-  g  of  succlnimide  yielded  0.23  g  of  mesitylene,  or  52.5^  of  the 
theoretical  yield.  The  hard  white  deposit  in  the  flask  was  dissolved  in  hot 
water  and  filtered.  Crystals  of  mesitylmercury  succlnimide  settled  out  of  the 
filtrate;  they  were  filtered  out.  The  yield  was  0,63  g  (83^  of  the  theoretical) 
with  a  m.p,  of  205-206“,  exhibiting  no  depression  with  the  substance  investiga¬ 
ted  previously.  The  filtrate  contained  disuccinlmidemercury,  which  was  deter¬ 
mined  as  mercuric  chloride.  The  yield  was  0,05  g  (ll«8^  of  the  theoretical). 

Catalytic  Reaction  of  Dimesitylmercury  with  Metallic  Silver 

This  reaction  was  performed  in  a  small  flask  with  a  sword-shaped  exten.- 
slon,  closed  by  a  stopper.  Freshly  prepared  silver,  made  from  silver.  nUirate 
and  zinc,  was  used  in  these  tests.  2  g  of  silver  and  1  g  of  dimesitylmercury 
were  heated  to  300“  over  a  sand  bath  for  3  hours.  0.34  g  of  mesitylene  (58^ 
of  the  theoretical)  condensed  in  the  outlet  tube;  it  was  identified  by  its  boil¬ 
ing  point  of  168“  (by  the  Sivolobov  method)  and  by  nitration.  The  nitroproduct 
was  found  to  be  2,4,6-trlnltro-l,3^5-‘t'rimethylbenzene,  with  a  m.p.  of  232“  (from 
alcohol),  exhibiting  no  depression  with  the  pure  substance.  The  tarry  substances 
were  removed  from  the  flask  with  boiling  benzene,  though  we  were  unable  to  isolate 
the  individual  substances.  Reacting  the  metallic  mercury  with  the  silver  yielded 
silver  amalgam,  the  weight  of  mercury  evolved  being  determined  as  the  difference 
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it  proved  to  be  the  theoretical  value.  In  addition,  the  metallic  mercury  sub¬ 
limed  from  the  amalgamated  silver  on  the  walls  of  a  dry  test  tube  (qualitative 
test) , 

SUMMARY 

lo  A  procedure  has  been  worked  out  for  synthesizing  dimes itylmercury  from 
monobromomesltylene  and  sodium  amalgam. 

When  a  solution  of  dimes Itylmercury  in  cellosolve  is  irradiated  with 
ultraviolet  light,  it  yields  metallic  mercury,  mesltylene,  and  an  aldehyde, 

3,  When  a  solution  of  dimes itylmercury  in  Isopropyl  alcohol  is  irradiated 
it  yields  mercury,  mesltylene,  and  acetone, 

ho  When  a  solution  of  dimesitylmercury  in  chloroform  is  irradiated,  it  is 
decomposed  into  calomel,  corrosive  sublimate,  metallic  mercury,  mesltylene,  and 
hexachloroethane , 

5<.  When  a  solution  of  dimesitylmercury  in  carbon  tetrachloride  is  irrad¬ 
iated,  it  is  decomposed  into  calome].,  chloromesitylene,  and  hexachloroethane, 

6,  When  dimesitylmercury  is  heated  with  succinimide,  it  decomposes,  the 
radicals  being  split  off  in  two  stages.  The  detachment  of  one  mesityl  radical 
as  mesltylene  results  in  the  formation  of  mes Itylmercury  succinimide,  which 
then  reacts  further,  evolving  mesltylene  and  disuccinimidemercury, 

7*  Mercury  succinimide  has  been  synthesized  for  the  first  time,  a  crys¬ 
talline  solid  with  a  m.p,  of  205-206®. 

.^Whea  dimesitylmercury  is  heated  with  metallic  silver  it  is  catalytlcally 
decomposed  into  metallic  mercury,  mesltylene,  and  tarry  substances,  produced 
as  the  result  of  a  reaction  Involving  the  disproportionation  of  the  radicals, 
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RfciAUTiUNS  CATALYZED  BY  INORGANIC  HALIDES 


II.  THE  REACTION  OE  ACID  ELUORIDES  OE  CARBOXYLIC  ACIDS 
WITH  AROMATIC  COMPOUNDS  IN  THE  PRESENCE  Of’  BORON  TRIFLUORIDE 


L  M.  Stnorgonsky 

In  our  previous  report  [i]  we  showed  that  horon  trifluoride  is  an  active 
catalyst  of  the  cleavage  of  ethers  by  acid  halides,  provided  acid  fluorides  are 
used  instead  of  acid  chlorides  or  bromides..  This  was  attributed  to  the  fact 
that  one  of  the  essential  stages  of  the  reaction  involves  the  coordination  of 
the  halogen  atom  in  the  acid  halide  to  the  central  atom  of  the  catalyst,  and 
that  this  coordination  encounters  a.steric  hindrance  when  acid  chlorides  or 
bromides  are  employed.  The  catalyst’s  action  in  this  reaction  involves  an  in¬ 
crease  in  the  electrophilic  activity  of  the  carbonyl  carbon  in  the  acid  halide. 

It  wap  only  natural,  therefore,  for  us  to  test  the  correctness  of  our  explana¬ 
tion  in  other  reactions  in  which  the  same  sort  of  activation  occurs,  especially 
in  the  thoroughly  investigated  Friedel-Crafts  reactions.  We  know,  for  example, 
that  boron  trifluoride,  which  is  a  catalyst  for  condensation  reactions  of  oxy¬ 
gen  compounds  (alcohols  [2],  ethers  [3],  esters  [4],  and  acid  anhydrides  [5]) 
with  aromatic  compounds,  proves  to  be  ineffective  whenever  we  try  to  use  alkyl 
or  acyl  chlorides  in  these  condensations.  It  must  be  supposed  that  the  activ¬ 
ity  of  boron  trifluoride  as  a  catalyst  would  be  manifested  in  these  reactions 
as  well,  provided  alkyl  or  acyl  fluorides  were  used  for  condensation.  This 
supposition  is  partially  borne  out  in  the  paper  by  Burzwell  and  Archer  [e],  who 
have  shown  that  cyclohexyl  fluoride  reacts  vigorously  with  toluene  when  boron 
trifluoride  is  present,  giving  rise  to  'n- cyclohexyltoluene,  whereas  cyclohexyl 
bromide  and  chloride  do  not  react  with  toluene  under  these  conditions. 

In  order  to  test  this  foregoing  assumption  as  far  as  acyl  halides  are 
concerned,'  we  undertook  a  study  of  the  reaction  of  the  acid  fluorides  of  carb¬ 
oxylic  acids  with  aromatic  compounds  when  boron  trifluoride  is  present.  It 
should  be  noted  that  only  very  little  research  has  been  done  up  to  now,  in  gen¬ 
eral,  on  the  " ketonization”  of  aromatic  compounds  by  acid  fluorides.  Calloway 
[7]  has  described  the  reaction  of  acetyl  fluoride,  and  Lao-Zem-Theng  and  Mai 
[s]  have  described  the  reaction  of  benzoyl  fluoride,  with  benzene  in  the  presence 
of  aluminum  chloride.  It  is  not  impossible,  however,  that  the  actual  acylating 
agents  in  these  reactions  are  not  the  acid  fluorides  but  the  acid  chlorides 
produced  from  the  former  as  the  result  of  an  exchange  reaction  with  the  aluminum 
chloride.  We  may  therefore  state  that  the  behavior  of  acid  fluorides  in  the 
"pure  state”  in  a  Friedel-Crafts  reaction  has  not  been  investigated  thus  far. 

The  results  of  the  experiments  described  below  are  summarized  in  the  fol¬ 
lowing  table  (page  324). 

In  the  presence  of  boron  trifluoride  most  acid  fluorides  readily  ketonlze 
aromatic  compounds,  even  in  the  cold,  whereas  the  acid  chlorides  do  not  react 
with  them  under  these  conditions.  The  comparatively  low’ yield  of  benzofuran  is 
due  to  side  reactions,  which  result  in  the  formation  of  a  large  quantity  of 
tarry  products.  In  the  presence  of  BF3  benzoyl  fluoride  does  not  react  with  benz¬ 
ene,  even  when  h.ated  over  a  water  bath,  whereas  benzene  is  ketonized  by  acetyl 
fluoride  or  proplonyl  fluoride  even  in  the  cold.  Since  it  is  highly  probable  that 
a  reaction  of  the  Friedel-Crafts  type  is  ionic  or  cryptolonlc,  the  use  of  a  solvent 


with  a  high  dielectric  constant  ought  to  promote  such  a  react ior-u  Stilly  only 
traces  of  benzophenone''  was  secured  when  benzoyl  fluoride  was  reacted  with 
benzene  in  the  presence  of  boron  trifluoride  in  nitrobenzene  for  9  hours  over  a 
water  bath.  The  lower  reactivity  of  benzoyl  fluoride  may  be  due  to  the  fact 
that  the  cationoid  activity  (the  '  electrophilia”)  of  the  carbonyl  carbon  atom 
in  the  benzoyl  cation  is  reduced  as  the  result  of  Internal  compensation. 


■ 
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0=Uo 
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Acid  fluoride 

Ketonized 

Per  cent  yield 

pf  ketone 

compound 

In  terms  of  acid 
fluoride  used 
for  the  reaction 

In  terms  of 
the  BF3 
absorbed 

1 .  Acetyl  fluoride  .,,,,,,„ 

Benzoyl 

61 

80 

2,  Acetyl  fluoride 

Toluene 

50 

100 

3.  Propionyl  fluoride  .„,,, 

Benzene 

36 

54 

4.  Benzoyl  fluoride  ,,,,,,. 

-Benzene 

0 

0 

5.  Benzoyl  fluoride 

6,  Benzoyl  fluoride 

Toluene 

Ethylbenz¬ 

67 

90 

ene, 

50 

71 

7o  Benzoyl  fluoride 

m-Xylene 

78 

78 

8,  Benzoyl  fluoride 

Anisole 

61 

100 

9,  Benzoyl  fluoride 

Furan 

10 

29 

When  the  boron  trifluoride  is  replaced  by  its  etherate,  ketonization  by  acid 
fluorides  requires  more  severe  conditions,  the  principal  reaction  product  being 
the  ethyl  ester  of  the  respective  acid,  rather  than  the  ketone.  Thus,  of  the 
two  competing  reactions  that  the  acid  fluoride  may  enter  into  -  the  ketoniza¬ 
tion  of  the  aromatic  compound  and  the  cleavage  of  the  ether  -  the  latter  takes 
place  at  higher  velocity.  The  aromatic  hydrocarbon  proves  to  be  a  weaker  nucleo¬ 
philic  reagent  (a  "base”)  than  the  ether.  It  is  possible  that  the  formation  of 
a  ketone  in  this  case  is,  in  general,  the  result  of  a  secondary  reaction  between 
the  aromatic  compound  and  the  ester  that  is  produced, 

EXFERIMENTAI. 

The  experiments  described  below  were  performed  in  both  copper  and  glass 
vessels,  the  results  being  identical  in  both.  The  general  procedure  was  as  fol¬ 
lows.  A  Current  of  boron  fluoride  was  passed  through  a  mixture  of  the  acyl 
fluoride  and  the  aromatic  compound,  which  was  protected  against  the  access  of 
atmospheric  moisture,  until  no  more  boron  fluoride  was  absorbed.  The  amount 
of  boron  fluoride  absorbed  was' determined  by  the  gain  in  weight.  The  reaction 
mixture  was  either  set  aside  to  stand  for  a  day  at  room  .temperature  or  it  was 
kept  at  40-50®  for  2  hours.  Then  it  was  diluted  with  ether  and  treated  with 
ice,  and  the  ether  layer  was  washed  with  a  10^  solution  of  caustic  soda  and 
desiccated  above  magnesium  sulfate.  The  residue  left  after  the  solvent  had 
been  driven  off  was  fractionated, 

1.  Acetyl  fluoride  and  benzene.  9  g  of  acetyl  fluoride  (O.I5  mol^,  25  g 
of  benzene  (0„3  mob),  and  6  g  of  boron  trlfluorlde  (0.24  mo]^ ,  Yield?  11  g  of 
acetophenone.  B,p,  77-78*  at  10  mm3  ^4°  I.O295  n§°  1.5346,  Semicarbazone 
m.p,  200®. 

2,  Acetyl  fluoride  and  toluene,  6  g  of  acetyl  fluoride  (0,1  mol),  I8  g 
of  toluene  (0,2  mol),  and  5»5  g  of  borontri.L'‘laor  .  ic  (O.O5  mole).  Yield;  6,5  g  of 
p-methylacetophenone,  B.p,  219-220®;  df®  1,006;  np°  1,5350,  Semicarbazone  m,p., 

196-197* • 
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Proplonyl  fluoride  and  benzene o  4,8  g  of  propionyl  fluoride,  9-6  g  of 
"benzene,  and  2,8  g  of  boron  trifluoride ..  Yields  5  g  of  propiophenone.  B.p. 

95-96*  (15  mm)-  Semlcarbazone  ni,po  176“. 

4.  Benzoyl  fluoride  and  toluene.  12,4  g  of  benzoyl  fluoride  (0,1  mol), 

15.5  g  of  toluene  (0,2  mol),  and  5  g  of  boron  trifluoride  (0,07  mol).  Yield 
13<.l  g  of  p-tolyl  phenyl  ketone,  B,p,  I8O-I82*  (15  mm).  M,p,  (after  recrystal- 
llzatlon  from  alcohol)  54*.  A  test  sample,  mixed  with  the  p-tolyl  phenyl  ketone 
prepared  from  benzoyl  chloride  and  toluene,  had  the  same  melting  point,"' 

3.  Benzoyl  fluoride  and  ethylbenzene,  6,2  g  of  benzoyl  fluoride  (O.O5  mol), 
10„5  g  of  ethylbenzene  (0,1  mol),  and  4„5  g  of  boron  trifluoride  (O.O7  mol). 

Yields  5  g  of  p-ethylbenzophenone ,  B.p,  174-176*  (lO  mm),  524*  (745  nun), 

6.  Benzoyl  fluoride  and  m-xylene,  6.2  g  of  benzoyl  fluoride  (0,05  mol), 

10  g  of  m-xylene  (0,1  mol),  and  4  g  of  boroii  trifluoride  (0,06  mol).  Yields 
8,2  g  of  2,4-dlmethylbenzophenone,  B.p,  522®  (745  mm) |  df®  I.O685  n^°  1,5915 • 

7,  Benzoyl  fluoride  and  anisole,  10,7  g  of  benzoyl  fluoride,  9" 3  g  of 
anisole,  and  2,7  g  of  boron  trifluoride,  A  solution  of  the  boron  trifluoride  in 
the  anisole  was  added  drop  by  drop  to  the  benzoyl  fluoride,  with  constant  chil¬ 
ling.  The  reaction  produced  considerable  heat.  The  mixture  was  set  aside  for 

a  day  at  room  temperature  and  then  processed  as  in  the  preceding  experiments. 

This  yielded  10  g  of  p-methoxybenzophenonej  b.p,  I9O-I95"  (lO  mm) 5  m,p,  65* 
after  recrystallization  from  alcohol|  a  test  sample  mixed  with  the  p-methoxy- 
benzophenone  prepared  from  benzoyl  chloride  and  anisole,  had  the  same  melting 
point, 

8,  Benzoyl  fluoride  and  furan,  14„5  g  of  benzoyl  fluoride  (0,12  mol)  and 
8  g  of  furan  (o,12  mol)  in  I50  ml~^f  absolute  benzene, 

A  current  of  boron  fluoride  was  passed  through  the  mixture,  which  was 
chilled  with  an  ice-salt  mixture.  The  gain  in  weight  was  5  g«  Distillation 
with  steam  and  the  usual  processing  yielded  2  g  of  benzofuran;  b.p,  155-157*  at 
12  mm, 

9.  Benzoyl  fluoride  and  toluene  (in  the  presence  of  boron  trifluoride 
etherate) , 6  g  of  benzoyl  fluoride  (0,05  mol),  9  g  of  toluene  (0,1  mol),  and 
7  g  of  boron  fluoride  etherate  were  heated  together  for  10  hours  over  a  water 
bath  in  a  flask  fitted  with  a  reflux  condenser  and  protected  against  the  access 
of  atmospheric  moisture.  The  reaction  mixture  was  diluted  with  ether  and 
treated  with  icej  the  ether  solution  was  washed  with  a  10^  solution  of  alkali 
and  with  water  and  desiccated  above  magnesium  sulfate.  The  residue  left  after 
the  ether  and  the  toluene  had  been  driven  off  was  fractionated.  This  yielded 

5  g  of  ethyl  benzoate  (b.p,  210-215* j  np^  1,5079)  and  2  g  of  p-tolyl  phenyl 
ketone  (b.p,  508-510*j  m,p,  52-53*  after  recrystalllzatlon  from  alcohol), 

SUMMARY 

The  reactions  of  acetyl  fluoride,  propionyl  fluoride,  and  benzoyl-  fluor¬ 
ide  with  toluene,  benzene,  anisole,  ethylbenzene,  m-xylene,  and  furan  have  been 
used  to  show  that  the  acid  halides  of  carboxylic  acids  ketonlze  aromatic  com¬ 
pounds  in  the  presence  of  boron  fluoride,  whereas  the  acid  chlorides  do  not  re¬ 
act  with  them  under  these  conditions, . 

This  is  evidence  that  the  coordination  of  the  halogen  atom  in  the  halide 
constituent  of  the  reaction  with  the  central  atom  of  the  catalyst  is  an  essen¬ 
tial  stage  in  react iom  of  the  Friedel-Crafts  type, 
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DIALLYLPHOSPHOROUS  ACID  AND  ITS  DERIVATIVES 


E.  I.  Shulgurova  and  Gilm  Kamai 


Many  dlalkylphosphorous  acids  and  their  derivatives  have  been  more  or  less 
thoroughly  investigated  by  now.  Stilly  the  unsaturated  representatives  of  the 
acid  esters  of  phosphorous  acid  have  not  been  synthesized  and  studied. 

In  19^5  V.M.Zo2;*oastrova  was  the  first  to  describe  the  first  representative 
of  esters  of  phosphorous  acid  containing  an  unsaturated  radical,  viz.  trlallyl 
phosphite,  in  a  research  carried  out  under  the  supervision  of  A.EoArbuzdv.  In 
19^8  the  American  chemist  Toy  [1]  synthesized  several  diallyl  aryl  phospnates 
as  follows s 

ArP0Cl2  +  2H0CH2-CH=CH2  +  2C5H5N  ArP0(0CH2-CH=CH2)2  +  2C5H5N‘>HC1. 

The  dlallylphenyl  phosphate  he  produced  polymerizes  with  remarkable  ease, 
forming  fire-resistant  copolymers  with  vinyl  acetate,  methyl  methacrylate,  and 
other  unsaturated  poly  esters. 

Recently,  one  of  the  present  authors,  together  with  N.A.Chadaeva  [2],  re¬ 
acted  phosphorous  trichloride  with  various  secondary  vinyl  alkyl  carbinols  and 
secured  and  investigated  several  a,a’ ,a*’-trivinyl  trialkyl  esters  of  phosphorous 
acid. 

As  far  as  we  know,  this  exhausts  the  references  in  the  literature  to  neu¬ 
tral  as  well  as  acid  unsaturated  esters  of  phosphorous  acid.  The  present  re¬ 
search  was  undertaken  with  the  primary  objective  of  synthesizing  an  acid  ester 
of  phosphorous  acid  and  an  unsaturated  radical.  We  prepared  dlallylphosphorous 
acid  by  a  method  resembling  that  given  by  P.  Nylan  [3]  for  the  preparation  of 
di-ethylphosphorous  acid.  The  reaction  between  absolute  allyl  alcohol  and 
phosphorous  trichloride  proceeded  smoothly  and  quietly  as  follows; 

5CH2=CH-CH20H  +  PCI3  (CH2=CH-CH20)2P0H  +  2HC1  +  C3H5CI. 

The  resultant  reaction  product  was  distilled  in  vacuum,  but  when  about 
two-thirds  of  the  liquid  had  been  distilled,  the  remainder  decomposed  violently, 
evolving  a  large  amount  of  heat  and  gaseous  substances.  This  decomposition  was 
so  rapid  that  it  nearly  always  ended  with  a  very  violent  explosion.  Upon  re¬ 
distillation  the  diallyl  |ihosphorous  acid  distilled  quietly  and  completely 
without  decomposing.  Dlallylphosphorous  acid  is  a  colorless  liquid  with  a 
specific  odor,  soluble  in  water,  which  readily  adds  two  molecules  of  bromine 
and  reacts  with  metallic  sodium,  giving  rise  to  a  sodium  derivative. 

We  synthesized  the  ethyl  esters  of  diallylphosphonoformic  and  dlallylphos- 
phonacetic  acids; 

(C3H50)2P0C00C2H5  and  (C3H502)P0CH2C00C2H5. 

by  reacting  the  sodium  derivative  of  dlallylphosphorous  acid  with  chlorocarbonic 
and  chloroacetlc  esters. 

These  diallylphosphonocarboxylates  are  colorless  liquids  that  are  soluble 


in  many  organic  solvents  and,  as  unsaturated  esters,  readily  add  chlorine  and 
bromine.  We  also  attempted  the  preparation  of  diallyl  phosphonoformates  and  di- 
allyl  phosphonoacetates  in  absolute  ethyl  alcohol.  We  were  unable,  however,  to 
secure  even  a  minute  quantity  of  these  phosphonocarboxylates ,  though  we  did  se¬ 
cure  diethyl  carbonate  with  the  first  ester  and  ethoxyacetic  ester  with  the 
second.  In  both  instances,  moreover,  we  recovered  the  diallylphosphorous  acid. 
The  formation  of  diethyl  carbonate  or  ethoxyacetic  ester  may  be  due  to  the  exis¬ 
tence  of  the  following  equilibrium  reaction  in  absolute  ethyl  alcohol; 

HP0(0CH2-CH=CH2)2  +  CH3CH20Na  NaP0(0CH2-CH=CH2)2  +  CH3CH2OH. 

When  the  alcohol  is  present  in  excess,  the  equilibrium  is  most  likely 
shifted  somewhat  to  the  left,  sodium  ethoxide  taking  part  in  the  reaction  with 
the  corresponding  esters  of  the  chloro-substituted  aliphatic  acids. 

EXPERIMENTAL 

« 

Synthesis  of  diallylphosphorous  acid.  Diallylphosphorous  acid  was  synthe¬ 
sized  by  a  method  paralleling  Nylen's  method.  Its  synthesis  was  effected  as 
follows,  117  g  of  carefully  desiccated  allyl  alcohol,  with  a  b.p.  of  96,5-97“ ^ 
was  placed  in  a  25O  ml  Arbuzov-Semenov  flask,  91*9  g  of  freshly  distilled  phos¬ 
phorus  trichloride  (based  on  1  mol  of  phosphorus  trichloride  for  5  mols  of  allyl 
alcohol)  was  added  drop  by  drop  to  the  chilled  alcohol,  with  constant  stirring. 
The  addition  of  each  drop  of  phosphorus  trichloride  was  accompanied  by  violent 
crackling  and  the  evolution  of  hydrogen  chloride.  The  reaction  lasted  2  hours, 
carbon  dioxide  being  passed  through  the  mixture  continuously.  After  all  the 
phosphorus  trichloride  had  been  added,  the  chilling  mixture  was  removed  and  re¬ 
placed  by  a  water  bath.  The  flask  was  connected  to  a  vacuum  pump  through  a 
condenser  and  a  receiver.  The  water  bath  was  heated  cautiously,  causing  the 
allyl  chloride  to  distil  and  driving  off  the  hydrogen  chloride.  After  5-5 
hours  had  elapsed,  the  residue  in  the  flask  was  distilled  in  a  current  of  car¬ 
bon  dioxide  vat  reduced  pressure.  Distillation  yielded  the  following  fractions 
(at  8  mm),  t' -  up  to  95*,  8  g;  II  “  95-98*,  52  gj  and  III  -  98-102%  h3  g. 
Fractions  II  and  III  were  redistilled  at  the  same  vacuum  from  an  Arbuzov  flask 
into  a  2-bulb  dephlegmator .  This  yielded  7I  g  of  a  fraction  with  a  b.p.  of 
97,5-98,5*  at  8  mm.  The  yield  of  the  pure  product  was  65.7^  of  the  theoretical. 

Dlallylphosphoruus  acid  is  a  colorless,  highly  mobile  liquid,  with  a 
specific  odor,  which  is  freely  soluble  in  water  and  in  organic  solvents. 

d§  l.lOOlj  d§°  1.0791  ng°  1.4450;  MRp  59-79;  computed  59*84. 

0.1255- g  substances  45-54  ml  NaOH;  0,l451  g  suT)stance:  49-48  ml  NaOH 

(1  ml  NaOH  =  O.555O  mg  P) .  Found  P  19,12,  19.II.  C6H11O3P.  Com¬ 

puted  iat  P  19.15. 

Diallylphosphorous  acid  readily  adds  two  molecules  of  bromine.  The  brom¬ 
ine  addition  test  was  performed  as  follows,  1,4642  g  of  diallylphosphorous  acia 
was  placed  in  a  small  bottle  with  a  ground-glass  dropping  funnel.  Bromine  was 
added  until  the  slightly  yellow  color  of  the  product  appeared. 

Bromine  consumed s  2.9658  g.  Computed  for  two  bonds;  2.8880  g. 

Synthesis  of  the  ethyl  ester  of  diallylphosphonoformic  acid  in  absolute 

ethyl  ether.  A  sodium  derivative  of  diallylphosphorous  acid  was_ placed  in  .a _ J 

250-ml  round-bottomed  flask  fitted  with  a  reflux  condenser,  a  dropping  funnel 
and  a  mechanical .stirrer .  5*85  g  of  metallic  sodium  in  the  shape  of  wire  was 

placed  in  100  ml  of  anhydrous  ethyl  ether,  and  27  g  of  diallylphosphorous  acid 
was  added  drop  by  drop,  with  constant  stirring.  The  flask  was  chilled  extern¬ 
ally  with  snow  during  the  reaction.  Then  the  snow  was  removed  and  replaced  by 
a  water  bath.  After  all  the  diallylphosphorous  acid  had  been  added,  the  contents 
of  the  flask  were  heated  for  5  hours.  Then  the  flask  contents  were  chilled,  and 


l8.1  g  of  chlorocarbonlc  ester  was  added  from  the  dropping  funnel.  Then  the 
flask  was  heated  for  about  an  hoiir  over  a  water  bath.  Adding  1  ml  of  water 
caused  sodium  cliloride  to  precipitate  out.  The  next  day  the  sodium  chloride  was 
filtered  out  and  washed  repeatedly  with  ether.  The  wash  ether  was  combined  with 
the  filtrate.  After  the  ether  had  been  driven  off  over  a  water  bath,  the  res¬ 
idue  was  distilled  in  vacuum.  This  yielded  the  following  three  fractions  (at  13 
mm).“  I  -  up  to  151“,  6  g|  II  -  151-156%  10.2  g|  and  III  -  156-158%  6.9  g» 
Fractions  II  and  III  were  redistilled  at  12  mm,  yielding  13  g  of  a  fraction  with 
a  b.p.  of  153-15^°  at  12  mm,  representing  33o3')^  of  the  theoretical  yield. 

The  ethyl  ester  of  diallylphosphdnoformic  acid  is  a  colorless  liquid  that 
is  soluble  in  ether,  alcohol,  benzene,  and  dloxane.  It  adds  bromine  readily. 

d8  1=1396;  dS°  1,1213;  n|°  1.4169;  MRd  55-53;  computed  55-35- 

Ool46l  g  substance;  34=94  ml  NaOH;  0,1275  g  substance;  30=47  ml  NaOH 

(1  ml  NaOH  =  0,5530  mg  P) .  Found  P  13-22,  13-21.  C9H1TO5P, 

Computed  P  13=24. 

An  endeavor  to  prepare  the  anilide  or  the  p-toluide  of  dlallylphosphono- 
formlc  acid  in  crystalline  form  met  with  failure;  all  we  got  was  a  hyaline  mass. 

Action  of  chloroacetic  ester  upon  the  sodium  derivative  of  diallylphosphdtc- 
ous  acid  in  absolute  alcohol.  2,84  g  of  metallic  sodium  was  added  to  a  250-ml 
round-bottomed  flask  fitted  with  a  mechanical  stirrer,  a  dropping  funnel,  and  a 
reflux  condenser  and  containing  100  ml  of  absolute  ethyl  alcohol,  20  g  of  dl- 
allylphosphorous  acid  was  added  drop  by  drop  with  constant  stirring  to  the  solu¬ 
tion  of  sodium  ethoxide.  The  reaction  of  the  sodium  alcoholate  with  the  dlallyl- 
phosphorous  acid  was  accompanied  by  the  evolution  of  heat,  I5.2  g  of  chloro¬ 
acetic  ester  was  added  to  the  chilled  solution.  Then  the  contents  of  the  flask 
were  boiled  for  about  3  hours  over  a  water  bath.  After  about  50  ml  of  alcohol 
had  been  driven  off,  100  ml  of  ethyl  ether  was  added.  Then  the  precipitate  — 
sodium  chloride,  was  filtered  out.  The  solvent  was  driven  off  from  the  filtrate, 
and  the  residual  product  was  distilled  in  vacuum.  At  10  mm  we  collected  a  first 
fraction  with  a  b.p.  of  45-46",  do  0,9983>  np°l,4017,  and  a  second  fraction 
with  a  b.p,  of  101-102",  The  physical  constants  of  the  first  substance  were 
those  of  ethoxyacetlc  ester,  while  the  second  was  diallylphosphorous  acid.  We 
were  unable  to  recover  the  expected  ester  ~  the  ethyl  ester  of  dlallylphosphono- 
acetic  acid. 

Action  of  chlorocarbonlc  ester  upon  the  sodium  derivative  of  diallylphos¬ 
phorous  acid  in  absolute  alcohol,  80  ml  of  absolute  ethyl  alcohol  was  placed  in 
the  reaction  flask,  and  1-95  g  of  metallic  sodium  was  added,  14  g  of  diallyl¬ 
phosphorous  acid  was  added  to  the  sodium  alcoholate  solution  drop  by  drop.  The 
reaction  was  accompanied  by  the  evolution  of  a  small  amount  of  heat,  10  g  of 
chlorocarbonlc  ester  was  added  in  small  batches  to  the  chilled  solution.  Toward 
the  end,  the  contents  of  the  flask  were  heated  over  a  water  bath  for  3  hours. 

The  further  processing  was  like  that  described  above;  a  Fraction  I,  representing 
diethyl  carbonate,  and  a  Fraction  II,  representing  diallylphosphorous  acid,  were 
collected. 

Synthesis  of  diallylphosphonoacetlc  acid  in  absolute  ether,  120  ml  of 
anhydrous  ether  and  5  =  83  g  of  metallic  sodi\im  in  the  shape  of  wire  were  placed 
in  the  reaction  f^sk,  27  g  of  diallylphosphorous  acid  was  added  from  the  drop¬ 
ping  funn.el=  The  reaction  was  accompanied  by  the  evolution  of  heat,  so  that 
the  flask  was  chilled  externally  by  snow.  After  2  hours  of  heating,  20,5  g  of 
chloroacetic  ester  (based  on  1  mol  of  chloroacetic  ester  per  mol  of  the  sodium 
derivative  of  diallylphosphorous  acid)  was  added  drop  by  drop  to  the  sodium 
derivative  of  the  diallylphosphorous  acid,  the  flask  being  chilled  externally. 

A  small  amount  of  water  was  added  to  coagulate  the  colloidal  sodium  chloride 
that  formed.  The  precipitate  was  filtered  out  on  a  Buchner  funnel  and  washed 
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three  times  with  ether.  The  ether  solvent  was  driven  off,  and  the  residual  liq¬ 
uid  was  distilled  at  reduced  pressure.  The  following  fractions  were  collected 
(at  8  mm) : 

I)  144-150*,  3.8  g;  II)  150-156“,  15.9  gj  and  III)  156-159*,  5-6  g.  Re- 
distillation  of  Fractions  II  and  III  yielded  12.4  g  of  a  fraction  with  a  h.p.  of 
155 . 5-156. 5*  at  8  mm.  The  yield  was  30^  of  the  theoretical. 

The  ethyl  ester  of  diallylphosphonoacetic  acid  is  a  colorless  liquid  that 
is  soluble  in  many  organic  solvents.  It  adds  bromine  readily. 

’dg  1.13815  dg9  1.;1985  n|°.1.45l4j  MRj, ^56.685 jcoKputecl.  59.97. 

0.1507  g  substance;  34.13  ml  NaOH;  0.1249  g  substance:  32.19  ml  NaOH 

a  ml  NaOH  =  O.553O  mg  P) .  Found  P  12.42,  12.49. 

C10H17O5P.  Computed  P  12. 50. 

Saponification  of  the  ethyl  ester  of  diallylphosphonoacetic  acid.  Sapon- 
if Ication  was  effected  by  heating  for  5  hours  to  loO"  with  a  20^  solution  of 
hydrochloric  acid  in  a  sealed  tube.  After  the  hydrochloric  acid  and  the  other 
saponification  products  had  been  removed  by  repeated  evaporation  with  water,  we 
secured  a  syrupy  liquid,  which  crystallized  the  next  day.  The  crystals  were 
isolated  as  minute  prisms  after  recrystallization  from  alcohol. 

SUMMARY 

1.  Diallylphosphorous  acid  -  the  first  representative  of  the  unsaturated 
acid  esters  of  phosphorous  acid  -  has  been  synthesized  and  investigated  for  the 
first  time. 

2.  Ethyldlallylphosphonoformic  and  diallylphosphonoacetic  esters  have  been 
prepared  by  reacting  the  sodium  derivative  of  diallylphosphorous  acid  with  the 
respective  esters  of  the  chlorosubstituted  aliphatic  acids  in  a  neutral  p-olveht. 

5.  The  formation  of  diethyl  carbonate  and  of  ethoxyacetlc  ester  when  the 
foregoing  syntheses  were  carried  out  in  absolute  alcohol  can  be  explained  sole- 
*  ly  by  assuming  an  equilibrium  reaction  between  the  ethyl  ^Icohol  and  the  sodium 

derivative  of  diallylphosphoric  acid,  which  is  shifted  considerably  toward  the 
formation  of  sodium  ethoxide. 
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3-METH0XY-6“TERT"BUTYLT0LUENE 


n„  Dubinin  and  N..  E.  Kozhevnikova 


Among  the  derivatives  of  phenol  or  anisole,  there  is  no  description  in  the 
literature  of  compounds  that  contain  a  tert -butyl  group  in  the  meta.  position  to 
the  hydroxyl  group.  And  yet,  the  synthesis  of  such  compounds  as  3-niethoxy-5- 
tert -butylt oluene  (l)  would  enable  us  to  synthesize  the  dinitro  derivative  (Vj 
and  the  trinitro  derivative  (ll)  by  nitrationj  the  latter  two  compounds  ought 
to  possess  a  good  musk  fragrance,  as  is  evident  from  a  comparison  of  the  formu¬ 
las  of  these  compounds  with  those  for  the  well-known  xylene  (ill)  and  amber 
(iv)  musks: 


CM-i  CMs  CMj  CUs 


Such  compounds  may  be  synthesized  in  three  fundamentally  different  ways, 
l)  Some  group  is  converted  into  a  hydroxy  group,  which  is  in  the  meta^  position 
to  the  tertiary  butyl  group.  The  readily  available  5-niethyl-5-tert-butyltoluene 
served  as  the  raw  material  ..for  an  attempted  synthesis  by  this  method: 


Experiment  showed,  however,  that  the  amide  (VI )  cannot  be  converted  into 
an  amine  by  either  the  Hofmann  or  the  Curtlus  reaction  [i].  Chlchibabin  [2] 
encountered  similar  difficulties  in  his  endeavor  to  convert  the  amide  of  4-tert- 
butyl-2, 6-dime thy Ibenzoic  acid  into  the  corresponding  amine.  2)  The  tertiary 
butyl  group  replaces  a  halogen  atom  in  the  meta  position  to  the  methoxy  group. 
Efforts  to  carry  out  this  reaction  by  the  use  of  organomagneslum  compounds 
proved  fruitless,  owing  to  a  singular  isomerization,  involving  the  migrating  of 
the  tert-butyl  group,  as  has  been  shown  by  one  of  the  present  authors, 


3)  Formation  of  a  "benzene  ring  with  the  positions  of  the  tert-hutyJ.  and 
the  hydroxy  groups  fixed,  starting  from  compounds  with  an  open  chain  of  car'bon 
atoms; 

CMa 

Cmo  ^ 

CWa 

\COOC2H5 


,COOCjM< 

<, 


,CW<1 


COCU5 

CCXlMs 
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1  ^ ') 


Our  experiments  have  demonstrated,  however,  that  trimethylacetaldehyde  does 
not  condense  with  acetoacetic  ester,  in  contrast  to  isohutyraldehyde  and  p-toluyl- 
aldehyde,  which  condense  readily  with  acetoacetic  ester  according  to  the  fore¬ 
going  simplified  diagram  when  piperidine  is  present,  as  Khoevenagel  has  shown. 

¥e  finally  succeeded  in  synthesizing  the  desired  3-liydroxy-3~tert-"butyltoluene 
"by  carrying  out  a  long  series  of  transformations,  as  shown  "below: 


(VII) 


This  hydroxybutyltoluene  proved  to  be  a  crystalline  substance  with  a  m.p. 
of  46-47°.  In  his  last  paper,  published  in  19^2,  Chichibabin  [4]  reported  on 
experiments  involving  the  condensation  of  tert-butyl  chloride  with  m-cresol  at 
low  temperature  (-15°)  in  the  presence  of  a  large  quantity  of  aluminum  chloride. 
He  succeeded  in  isolating  crystalline  tert-butyl -m-cresol,  with  a  m.p.  of  50°, 
from  the  reaction  products  with  good  yield.  He  cites  no  data  at  all  on  the 
properties  or  structure  of  this  substance.  We  repeated  Chichibabin’ s  research. 
The  resulting  crystalline  tert-butyl-m-cresol  had  a  m.p.  of  48-49°  and  exhi'Dited 
no  depression  when  mixed  in  a  test  sample  with  the  3-hydi-oxy-5-tert-butvltoraene 
(VII)  we  had  synthesized  from  o-toluidine.  It  has  thus  been  proved  that  Chichi- 
babin’s  tert-butyl-m-cresol  is  the  symmetrical  isomer  ("VIl) .  In  our  subsequent 
experiments  the  substance  (VIl)  was  subjected  to  the  following  transformations: 
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■When  nitrated  with  dilute  nitric  acid,  3-hydroxy-5-hutyltoluene  (VIl) 
yields  a  mixture  of  two  substances  (VIIl)’'*  and  (ix) .  Substance  (ix)  forms  a 
sodium  salt  that  is  slightly  soluble  in  cold  water  and  crystallizes  readily  from 
hot  water.  The  Na  salt  of  the  dinitro  derivative  (VIIl),  on  the  other  hand,  is 
readily  soluble  in  water.  The  trinitro  derivative  (x) ,  a  crystalline  substance 
with  a  m.p.  of  89° ^  possesses  a  very  faint,  though  pleasant  musk  odor.  This 
substance  was  synthesized  in  two  ways;  by  methylating  the  anhydrous  Na  salt  of 
Substance  (ix)  with  dimethyl  sulfate,  and  by  nitrating  Substance  (Xl)  with  nitric 
acid  in  acetic  anhydride.  The  new  musk  (x)  is  readily  demethylated by  heating 
it  with  alcoholic  ammonia  in  a  sealed  tube  over  a  water  bath,  though  it  resists 
the  action  of  a  mixture  of  anhydrous  nitric  acid  and  sulfuric  acid  or  oleum. 

After  chromatographic  purification  and  crystallization  from  alcohol.  Substance 
(XIl)  consists  of  yellow  platelets  without  any  odor  of  musk. 

EXPERIMENTAL. 

Experiments  on  the  condensation  of  trimethylacetaldehyde  with  acetoacetlc 
ester.  The  trimethylacetaldehyde  was  prepared  by  the  'JBcnilov  and  "Venus -Danilova 
method  [5].  Efforts  to  condense  the  two  substances  without  the  use  of  a  solvent, 
in  the  cold  or  at  ^5°  with  a  few  drops  of  piperidine  present,  were  fruitless; 
the  original  substances  were  recovered  in  vacuum  distillation.  A  higher  tempera¬ 
ture  resulted  in  considerable  tarring. 

_2-Amino-^-tert-butyltoluene .  This  substaxic'e  was  produced  by  the  method 
outlined "by,  Ef front  [s]^  with  the  following  modifications.  The  mixture  of  iso¬ 
butyl  alcohol  and  o-toluidlne  hydrochloride  was  heated  in  a  sealed  tube  to  19O- 
200°  for  the  first  10  hours  and  to  230-240°  for  the  next  12  hoars.  The  result¬ 
ing  product  was  purified  by  distilling  and  crystallizing  its  hydrochloride  from 
dilute  hydrochloric  acid.  The  yield  of  the  pure  substance  with  a  b.p.  of  245- 
247°  was  41.5^  of  the  theoretical. 

2-Acetamino-3 -tert -butylt oluene .  The  method  described  in  the  literature 
[e]  for  acylating  2-amino-5-tert-butyltoluene  with  acetyl  chloride  gives  a  low 
yield  of  an  Impure  product.  We  successfully  employed  a  method  Involving  acetyl¬ 
ation  by  acetic  anhydride  in  water,  suggested  for  other  amines  [v].  l64  g  of 
the  base  2-amino-5-tert-butyltoluene  was  placed  in  a  flask  with  three  times  its 
weight  of  water.  While  the  flask  was  shaken  126  g  of  acetic  anhydride  (l5^  ex- 
cessjwas  added  all  at  once.  The  solution  became  transparent  almost  at  once,  a 
considerable  amount  of  heat  was  evolved,  and  the  acetyl  derivative  began  to 
precipitate  within  a  short  time.  The  reaction  mass  was  stirred  for  I5  minutes 
and  then  chilled,  the  precipitate  being  suction  filtered.  M.p.  l6l-l62° .  Yield 
97*3^  of  the  theoretical  (200  g) . 

2-Acetamino-3-nitro-3-tert-butyltoluene.  The  method  of  nitrating  2-acet- 
amino-5 -tert -butylt oluene  described  by  Baur  [s]  gives  a  negligible  yield  of  the 
mononltro  compound.  Instead  of  this,  we  employed  nitratinn  in  acetic  anhydride. 
220  g  of  HNO3  ,  sp.  gr.  1.51>  ■w^as  added  drop  by  drop,  at  2-5°  with  constant 
stirring,  to  a  mixture  of  200  g  of  the  synthesized  acetyl  derivative  and  600  g 
of  acetic  anhydride.  The  resultant  solution  was  poured  over  snow,  the  heavy 
yellow  oil  recovered  crystallizing  gradually  when  allowed  to  stand.  The  crys¬ 
tals  were  filtered  out  by  suction  and  washed  with  water.  M.p.  132-135°  (from 
alcohol).  Recrystallization  raised  the  m.p.  to  l45* . 

2 -Amino -3 -nitr o -5 -tert -putylt olp j^ne  ♦  The  method  of  saponifying  the  result¬ 
ing  nltro  compound  given  in  the  literature  [e]  gives  a  wholly  unsatisfactory 
yield.  Satisfactory  results  are  obtained  by  saponifying  the  substance  with  a 
mixture  of  formic  and  hydrochloric  acids.  A  mixtare  of  92  g  of  2-acetamino-3- 
nitro -5 -tert -butylt oluene,  1100  ml  of  formic  acid  (b.p.  107°),  and  1100  ml  of 
concentrated  hydrochloric  acid  was  boiled  for  13  hours  with  a  reflux  condenser. 

A  J’ec^  solution  containing  a  small  quantity  of  oily  substances  resulted.  The 

It  is  possible  that  substances  (VUII)  and (XII)  have  a  different  arrangement  of  the  nitro  groups, 
viz;  2.6  or  2,4. 


solution  was  diluted  with  twice  its  volume  of  water  and  set  aside  overnight.  The 
crystals  that  settled  were  filtered  out  and  recrystallized  from  light  gasoline. 
This  yielded  52  g  of  brown  platelets  with  a  m.p.  of  77-78°.  Baur  gives  the  m.p. 
of  this  substance  as  8l° . 

3-Nitro-5-tert-butyltoluene .  This  compound  was  prepeired  by  heating  a 
solution  of  the  diazo  compound  2-amino-5-nitro-5-tert-butyltolujsne  in  alcohol. 

154. !+■  g  of  the  amino  compound  yielded  71*8  g  of  steam-distilled  3-hitro-5-tert- 
butyltoluene .  M.p.  53* •  Baur  gives  a  m.p.  of  52°. 

5 -Amino -5 -tert -butylt oluene .  This  substance  is  not  described  in  the  lit¬ 
erature.  A  mixture  of  71<>8  g  of  the  nitro  compound,  IO5  g  of  granulated  zinc, 
and  2k-  ml  of  concentrated  hydrochloric  acid  was  heated  over  a  water  bath  until 
a  violent  reaction  set  in.  As  the  reaction  died  down,  a  total  of  2k0  ml  of  acid 
was  added  in  small  batches.  The  product  was  distilled  with  steam  from  the  alka¬ 
line  solution.  B.p.  155-13^*  (l7  mm).  Yield:  42.0  g.  An  oily  liquid  that 
darkens  upon  standing. 

3*253  mg  substance:  O.182  ml  Ng  (l8°,  753  mm).  Found  N  6.5O. 

CieHiiN.  Computed  N  6.28. 

3-Hydroxy-5-tert-butylt oluene .  A  nearly  saturated  solution  of  19*6  g  of 
sodium  nitrite  was  added  in  the  course  of  an  hour  and  a  half  at  2-3°  to  the  ^ 
paste  produced  by  chilling  a  hot  solution  of  42  g  of  3-amlno-5“tert-butyltoluene 
in  a  mixture  of  550  ml  of  water  and  65  ml  of  H2SO4,  sp.  gr.  1.84.  The  solution 
was  filtered  without  allowing  it  to  warm  up.  The  cold  filtrate  was  added  in  a 
fine  stream  to  a  well-stirred  solution  of  6OO  ml  of  H2SO4.,  sp.  gr.  1.84,  in  530 
ml  of  water,  heated  to  l40° .  The  resulting  3 -hydroxy-5 -tert -butylt oluene  was 
distilled  with  steam.  B.p.  232-253°;  the  liquid  crystallizing  upon  standing 
Yield:  7.6  g.  The  substance  was  purified  by  heating  it  with  20  g  of  50'^  NaOH 
solution  until  it  dissolved  and  chilling  it  without  agitation.  The  lower  layer 
was  decanted  and  the  upper  crystalline  layer  of  the  Na  salt  of  hydroxybutyltolu- 
^  ene  was  pressed  out,  first  on  a  glass  filter,  and  then  between  sheets  of  filter 

paper.  The  desiccated  substance  was  crystallized  from  toluene  and  then  dissolved 
»  in  50  ml  of  warm  water,  after  which  the  solution  was  acidified.  The  hydroxj'-butyl 

^  toluene  distils  completely  at  127°  and  11  mm.  The  substance  has  a  m.p.  of  46-47° 

'•  3.282  mg  substance;  9.700  mg  CO2;  2.875  mg  H2O.  3*  1^2  mg  substance: 

9.3^5  mg  CO2;  2.719  mg  H2O.  Found  C  8O.35,  8O.52;  H  9*72,  9-58. 

OiiHieO.  Computed  C  80.49;  H  9.75- 

Condensation  of  m-cresol  with  isobutyl  chloride.  k2  g  of  butyl -m-cresol, 
with  amp.  of  47°,  was  prepared  from  62  g  of  m-cresol  under  Lhe  conditions 
described  by  Chichibabin  [4].  A  test  sample,  mixed  with  3-hydroxy-5-tert-butyl- 
toluene ,  likewise  fused  at  47°.  Chichibabin  gives  the  m.p.  of  his  product  as 

50°  . 

2 ,4 .6-Trinitro-3-hydroxy-5-tert-butyltoluene .  A  solution  of  5  g  of  5- 
hydroxy-5-tert-butyltoluene  in  I5  ml  of  benzene  was  added  drop  by  drop  to  50 
ml  of  HNO3,  sp.  gr.  1.4,  chilled  with  ice  water.  After  half  an  hour  of  stir- 
ring,  50  ml  was  added  at  the  same  temperature.  The  benzene  layer  was  removed, 
washed  with  water,  and  agitated  with  100  g  of -5^  KOH  in  a  closed  flask.  Tlie 
solid  phenoxide  that  formed  was  filtered  out  and  crystallized  from  25  ml  of  hot 
water.  The  crystals  were  filtered  out  and  dissolved  in  hot  water,  and  the  solu¬ 
tion  was  acidified.  The  resultant  oil  (4  7  g)  soon  crystallized.  The  m.p.  of 
the  yellow  lamellar  needles  was  104°  (from  alcohol). 

3.106  mg  substance:  O.387  ml  N2  (21°,  745  mm).  3.078  mg  substance: 

0.384  ml  N2  (22°,  746  mm).  O.5252  g  substance:  I5.IO  g  benzene;  At  0.580°. 

Found  N  14.05,  l4  I8;  M  290.  C11H13O7N3,  Computed  N  14.05;  M  299. 

x,x-Dinitro-3-hydroxy-5-tert-butyltoluene .  The  alkaline  filtrate  secured 


.1 _  & 


In  the  preceding  experiment  was  acidified.  The  oil  that  formed  (2.4  g)  soon 
crystallized.  Thick  yellow  needles  with  a  m.p.  of  105°  (from  aqueous  methanol). 

A  test  sample  exhibited  considerable  depression  when  mixed  with  the  trinitro 
compound. 

5.506  mg  substance;  O.526  ml  N2  (21.5°,^T3T™).  3.076, mg  subs.  ,0.505 ^ml  N2 
(21.5°,  7.56  mm).  Found  N  11. 08,  11. 15.  C11H14O5N2.  Computed  N  11.02. 

0.4  g  of  the  dinitro  compound  was  dissolved  in  I5  ml  of  acetic  anhydride, 
and  4  g  of  nitric  acid,  sp.  gr.  1.5^  added  a  drop  at  a  time  at  -5  to  -7°. 

The  solution  grew  turbid  as  this  addition  approached  its  end,  due  to  the  separa¬ 
tion  of  minute  crystals.  The  mixture  was  poured  over  snow,  and  the  crystals 
were  filtered  out  and  twice  recrystallized  from  alcohol.  M.p.  105-104°.  A 
test  sample,  mixed  with  2,4,6-trinitro-5-hydroxy-5-tert-butyltoluene,  exhibited 
no  depression. 

x,x-Dlnltro-5-methoxy-5-tert-butyltoluene.  2.2  g  of  dlnitrohydroxybutyl- 
toluene  was  dissolved  in  10  ml  of  methanol  and  then  mixed  with  a  solution  of 
0.2  g  of  sodium  in  5  ml  of  methanol.  The  mixture  was  evaporated  to  dryness  at 
25-40°,  and  the  resulting  phenoxide  was  ground  to  a  fine  powder.  The  powder 
was  mixed  with  4  ml  of  anhydrous  toluene  and  2.7  ml  of  dimethyl  sulfate  and 
heated  to  115-200°  for  5  hours  over  an  oil  bath.  The  usual  separation  yielded 
a  dark,  tarry  mass.  The  mass  was  dissolved  in  50  ml  of  anhydrous  benzene,  and 
the  solution  was  filtered  through  a  column  containing  AI2O3.  All  the  impurities 
were  securely  absorbed,  the  dinltromethoxytoluene  passing  through  the  column  as 
a  nearly  colorless  liquid.  Evaporation  of  the  benzene  yielded  1.45  g  of  a  crys¬ 
talline  substance.  Crystallization  from  alcohol  yielded  1.2  g  of  light-yellow, 
odorless  platelets  with  a  m.p.  of  97° 

5.6i4  mg  substance:  7-155  mg  CO2;  1-992  mg  H2O.  5-540  mg  substance: 

0.285  ml  N2  (16.5°,  754  mm).  Found  C  55-88^  H  6.17|  N  9-98. 

Cl2Hl605N2^  Computed  C  53 -72 5  H  5-975  N  10.22. 

3-Methoxy-5-tert -butyl toluene.  10  g  of  5 -hydroxy-5 -tert-*butyltoluene  was 
methylated  with  dimethyl  sulfate  under  the  usual  conditions.  A  colorless  liquid 
(9-8  g) ,  with  a  slight  odor,  readily  soluble  in  organic  solvents.  B.p.  225-227°- 

5-424  mg  substance:  IO.I5O  mg  CO25  3-102  mg  H2O.  Found  C  80.775 

H  10.04,  C12H18O.  Computed  C  8O.9O5  H  10,11, 

2,4; 6-Tr initro-5-methoxy-5-tert-butyltoluene .  a)  8  ml  of  HNO3,  sp.  gr. 

1.5^  was  added  to  a  solution  of  2  g  of  hydroxybutyltoluene  in  I5  ml  of  acetic 
anhydride  that  was  chilled  with  an  ice  mixture.  When  the  mixture  was  poured 
into  water,  a  noncrystallizing  oil  was  produced.  The  oil  was  further  nitrated 
5  ml  of  HNO.3  was  added  to  a  mixture  of  the  oil  and  25  ml  of  H2SO4,  sp.  gr. 

1.84,  chilled  with  ice  water.  Then  the  solution  was  heated  to  60“  and  poured 
over  ice.  The  precipitate  was  crystallized  from  alcohol,  yielding  fine,  almost 
colorless,  platelets  with  a  m.p.  of  88°.  The  substance  has  a  faint  odor  of 
musk.  It  turns  yellow  fairly  rapidly  when  exposed  to  light. 

2.777  mg  substance:  0„525  ml  N2  (21°,  750  mm).  2.802  mg 'subs . ,  ,0.525  ml  N2 
(21°,  750  mm).  0.4260  g  substance;  17ol5  g  benzene:  At  0.408°.  Found 

N  15-33,  13-21;  M  511.  C12H15O7N3.  Computed  N  15-42;  M  513- 

b)  1.4  g  of  2,4,6-trinitro-5-hydroxy-5-tert-butyltoluene  was  methylated  un¬ 
der  the  conditions  specified  for  the  preparation  of  x,x-dinitro-5-methoxy-5- 
tert-butyltoluene.  The  residue  (l.O  g)  left  after  the  toluene  had  been  driven 
off  crystallized.  M.p,  88°,  a  test  sample  mixed  with  the  2,4,6-trinitro-5- 
methoxy-5-tert-butyltoluene  described  above  exhibiting  no  depression. 

Demethylation  of  2,4,6-trinltro-3-methoxy-5-tert-butyltoluene.  0.5  g  of 
the  substance  was  heated  for  10  hours  with  5  ml  of  a  20^  solution  of  NH3  in 


methanol  'in  a  sealed  tube  over  a  water  bath  until  the  precipitate  dissolved.  The 
alcohol  was  driven  off,  and  the  residue  was  heated  with  an  aqueous  solution  of 
NH3,  the  tar  was  filtered  out,  and  the  hot  solution  acidulated.  This  yielded  an 
oil  that  rapidly  crystallized.  Nearly  colorless  platelets  with  a  m.p.  of  102- 
104®  (from  alcohol).  A  test  sample,  mixed  with  2,4,6-trinitro-3-hydroxy-5-tert- 
butyltoluene  exhibited  no  depression. 
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THE  REACTION  OP  AROMATIC  COMPOUNDS  WITH  ALLYL  CHLORIDE 
AND  ALLYL  ALCOHOL  IN  THE  PRESENCE  OP  ACID  CATALYSTS 

I.  THE  REACTION  OP  BENZENE  AND  TOLUENE  WITH  ALLYL  CHLORIDE 
AND  ALLYL  BROMIDE  IN  THE  PRESENCE  OP  ALUMINUM  CHLORIDE 

I.  P.  Losev,  0,.  V.  Smirnova  and  T.  A„  Pfeifer 

One  of  the  researches  dealing  directly  with  the  case  we  are  discussing, 
the  reaction  of  benzene  with  allyl  chloride  in  the  presence  of  aluminum  chlor¬ 
ide,  is  a  paper  hy  Wispek  and  Zuher  [i].  The  authors  used  a  Frie del -Crafts 
reaction  to  produce  propylhenzene  from  benzene  and  allyl  chloride.  M. Konovalov 
and  S.  Dobrovolsky  [2]  produced  1,2-diphenylpropane  from  benzene  and  allyl  chlor¬ 
ide  in  the  presence  of  aluminum  chloride.  The  foregoing  papers  literally  ex¬ 
haust  the  material  in  the  literature  on  the  reaction  of  allyl  chloride  with 
benzene  in  the  presence  of  aluminum  chloride. 

The  reaction  of  benzene  with  allyl  chloride  in  the  presence  of  aluminum 
chloride  is  accompanied  by  the  formation  of  certain  reaction  products,  depend¬ 
ing  upon  the  quantitative  proportions  of  the  reacting  substances.  In  one  series 
of  tests,  for  example,  mono  aryl  derivatives  were  secured  on  the  whole:  benzyl- 
ethylene,  hydrlndene,  when  the  reagent  proportions 

were  3  mols  of  benzene,  1  mol  of  allyl  chloride,  and  O.5  mol  of  AICI3  and  the 
reaction  temperature  was  50° •  In  another  instance,  when  the  reagent  proportions 
were  2  mols  of  benzene,  I/5  mol  .of  allyl  chloride,  and  1/28  mol  of  aluminum 
chloride,  diaryl  derivatives  (l,2-dlphenylpropane)  were  secured.  The  formation 
of  these  products  is  largely  related  to  the  predominating  role  of  the  halogen 
or  of  the  double  bond  in  the  allyl  chloride  in  the  reaction.  When  we  made  a 
study  of  the  reaction  products  of  the  first  series  of  tests,  we  found  the  mix¬ 
ture  to  contain  Y-chloropropylbenzene,  which  is  apparent  confirmation  of  the 
greater  activity  of  the  double  bond.  Still,  the  rise  of  the  bromine  numbers  to 
a  certain  limiting  value  (when  the  excess  allyl  chloride  is  removed  at  the 
start  of  the  reaction) ,  after  which  they  drop,  indicates  that  at  the  start 
of  the  reaction  the  chlorine  atom  reacts  to  form  benzylethylene,  which  is  then 
converted  into  Y-chloropropylbenzene  as  the  result  of  the  addition  of  hydrogen 
chloride  to  the  benzylethylene.  In  fact,  determination  of  the  bromine  numbers 
is  a  fairly  convincing  demonstratinn  that  the  reaction  follows  this  course. 
Experiments  involving  the  determination  of  the  bromine  numbers  when  allyl  brom¬ 
ide  was  used  (instead  of  allyl  chloride)  produced  no  perceptible  changes  in  the 
quality  or  quantity  of  the  resultant  products,  no  matter  whether  the  reaction 
was  carried  out  with  benzene  or  with  toluene.  Table  1  provides  the  character¬ 
istics  of  each  individual  period  in  the  reaction,  thus  assisting  in  clearing 
up  the  roles  of  the  halogen  and  the  double  bond  during  the  reaction.  The  ex¬ 
perimental  data  clearly  show  that  when  the  compound  contains  both  a  halogen  atom 
and  a  double  bond,  the  halogen  reacts  first,  followed  by  the  double  bond. 

The  observed  decrease  in  the  amount  of  hydrogen  chloride  evolved  as  the 
reaction  progresses  may  likewise  be  considered  experimental  confirmation  of  this 


TABLE  1 


Bromine  Number  Determinations 


Ml  of  allyl 

Bromine  numbers 

chloride 

For  pure  allyl  chloride 

For  the  mixture  of  reaction 
products 

Experiment  2 

1 

8.8 

•  8.7 

8.8 

10.0 

3 

12.3 

11.9 

12.7 

14.2 

5 

19.0 

17.9 

16.6 

17.7 

7 

20.0 

21.4 

19.3 

18.9 

9 

26.1 

25.9 

22.1 

23.5 

11 

29.5 

27.6 

35.8 

33.9 

13 

37.5 

35.8 

31.7 

30.8 

17 

48.1 

46.3 

22.4 

23.0 

21 

50.8 

51.0 

19.1 

18.8 

course  of  the  reaction.  The  period  in  which  there  is  a  slight  drop  in  the  evo¬ 
lution  of  hydrogen  chloride  is  followed  by  a  reaction  stage  in  which  the  evolu¬ 
tion  of  hydrogen  chloride  rises' iga in j'  this  corresponds  to  the  inhtaht  wheh^then 
Y-chloropropyllenzene  is  cyclized  to  hydrindenei  Hence,  the  reaction  of  benz¬ 
ene  with  allyl  chloride  (the'' first  course  taken  by  the  peacticn)  may^be  pictured 

as  ^follows:  ‘  v  '  ■  ''  -i  ■  •■■■'  - 

.  1  . 

CeHe  +  C1CH2-CH=CH2  - C6H5-CH2-CH=:CH2-'^^^-  ■  » 

CH2 

- ►  C6H5CH2CH2CH2CI  — ► 

LJ - 1cH2 


When  a  diaryl  derivative  is  secured  as  the  principal  reaction  product, 
viz.;  1,2-diphenylpropane,  the  equation  for  the  reaction  remains  the  same  for 
the  initial  stage,  but  the  addition  of  the  HCl  to  the  benzylethylene  now  is  in 
precise  conformity  with  Markovnikov’ s  rule,  i.e.,  3-chloropropylbenzene  is  . 
formed.  Owing  to  the  difficulties  of  cycllzation,  the  reaction  follows  the 
Friedel-Crafts'  line,  1,2-diphenylpropane  being  formed  at  the  expense  of  the 
halogen,  tHe  methene  group  of  the  y^hloropropylbenzene,  and  another  benzene 
molecule.  The  second  course  followed  by  the  reaction  is  as  follows: 

CsHe  +  C1CH2-CH=CH2  — ►  C6H5-CH2-CH=CH2  +  ^Cl  ^ 


C6H5-CH2-CHC1-CH^ 


benzene 


CHg—CIh— CH3 

.6.6 


The  reaction  may  take  another  turn  after  the  y-chloropropylbenzene  is  i 
formed,  the  attachment  of  the  y-chloropropylbenzene  to  the  benzene  molecule  re¬ 
sulting  in  the  formation  of  9-methyl-9’ ,10-dlhydroanthracene: 


738 


In  glancing  through  the  literature  on  the  reaction  of  toluene  with  halogen 
olefins  in  the  presence  of  AICI3,  we  have  found  no  comments  on  this  subject. 

Assuming  that  the  homolog  of  benzene-toluene  will  behave  like  the  former  when 
reacted  with  allyl  chloride  in  the  presence  of  aluminum  chloride,  we  ran  tests 
with  toluene  in  which  the  conditions  were  the  same  as  those  used  for  benzene. 

The  results  we  obtained  Justify  our  asserting  that  the  reaction  of  toluene 
with  allyl  chloride  fully  resembles  the  reaction  of  benzene  with  allyl  chloride 
as  far  as  the  results  and  the  mechanism  of  the  reaction  are  concerned.  The  same 
holds  true  of  the  reaction  of  toluene  with  allyl  bromide  in  the  presence  of  alum¬ 
inum  chloride.  The  organic  compounds  produced  had  the  same  properties  as  those  of 
the  products  of  the  reaction  of  allyl  chloride  with  toluene  in  the  presence  of 

EXPERIMENTAL 
First  sertes'-Qf  tests 

Preparation  of  monoallyl benzene,  o-  and  p-diallylbenzene,  y-chloropropyl- 
benzene,  hydrind^ne,  li,2-dlphenylmethane ,  and  9 -methyl -9' >10- dihydroanthracene. 

A  mixture  of  g  of  anhydrous  benzene  (3  mols)  and  66.7  g  of  desiccated  alum¬ 
inum  chloride  (0.5  mol)  was  placed  in  a  three-necked  flask  fitted  with  a  stir¬ 
rer,  a  mercury  seal,  a  reflux  condenser,  and  a  dropping  funnel.  7^.5  g  of  allyl 
chlorlde  (l  mol)  was  added  drop  by  drop  to  the  mixture.  After  the  mixture  had 
been  heated  to  50°  for  2  hours  over  a  water  bath  (until  no  more  hydrogen  chlor¬ 
ide  was  evolved),  the  reaction  products  were  cooled,  decomposed  with  acidified 
water,  and  set  aside  for  10-1.2  hours.  Then  the  oily  layer  was  separated  from 
the  aqueous  layer  and  washed  in  a  separatory  funnel  until  its  reaction  with  lit¬ 
mus  paper  was  neutral.  After  having  been  washed  and  desiccated  over  calcium 
chloride,  the  reaction  product  was  a  light-yellow  liquid,  with  blue  fluorescence, 
that  had  an  acrid  odor.  The  benzene  was  driven  off  and  the  reaction  product 
was  distilled  at  atmospheric  pressure,  the  following  fractions  being  collected  . 

(Table  2).  ? 


TABLE  2 


No.  of 
Fraction 

Boiling 

point 

Amount  of  fraction 
recovered 

Characteristics  of  fraction 

g 

I0 

I 

150-200“ 

1.1  g 

5-6 

' 

C6H5CH2CH=CH2,  B.p.  155“ j 

o-C6H4(CH2CH=CH2)2,  b.p.  94*,  at  12  mm; 
69H10  '(hydrindene),  -b.p.  176,5“; 
P-C6H4(CH2CH=CH2)2,  b.p.  81-83“,  at  12 
mm. 

C6H5CH2CH2CH2CI,  B.p.  219“. 

11 

200-250 

0.8 

4.1 

111 

250-280 

1.7 

8.9 

IV 

280-282 

2.0 

10.0 

1,2-Dlphenylpropane,  b.p.  280-282“ , 

V 

282-300 

5.2 

27,2 

Cr.ystals,  m.p.  79-80“;  9-monomethyl- 
9  ’lO-dihydroanthracene . 

VI  ‘ 

• 

Tar 

Fraction  I  was  redistilled  at  atmospheric  pressure,  a)  At  a  b.p,  of  155- 
160"  for  the  liquid,  we  secured  a  product  with  a  b.p.  of  155^;  which  decolor¬ 
ized  bromine  water  and  a  permanganate  solution,  in  the  cold.  The  liquid  had  an 
acrid  odor.  The  molecular  weight  of  this  product  was  120“,  determined  cryoscop- 
Ically. 

Found  ioi  C  91-20,  92.11,°  H  8.8,  7.89o  CgHio-  Computed  C  91-55;  H  8.L7, 
which  are  the  figures  for  allylbenzene,  C6H5CH2-CIi”CH2- 

b)  We  then  secured  a  product  whose  boiling  point  was  found  to  be  I76.5* 
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after  repeated  redistillation. 

d|o  0.963;  ngo  1.561^^.  Found  C  9I068,  92,12;  H  8.32,  8.88. 

C9H10.  Computed  C  91«555  H  8.^7* 

In  view  of  the  fact  that  the  ultimate  analysis  of  this  product  was  close 
to  that  of  monoallylbenzene,  while  its  constants  were  close  to  those  of  hydrindene, 
and  that  it  did  not  decolorize  bromine  water  or  potassium  permanganate,  its  inves¬ 
tigation  was  pursued  still  further,  using  bromination  and  ensuing  oxidation  of 
the  bromide . 

Bromination  of  hydrindene  and  ensuing  decomposition  of  the  bromination 
product .  Bromination  was  effected  with  liquid  bromine  at  70*  in  chloroform. 
Bromination  was  considered  terminated  when  no  more  hydrogen  bromide  was  evolved 
(after  6  hoiars) .  The  bromide  was  allowed  to  stand  for  9-10  hours,  after  which  it 
was  washed  in  a  separatory  funnel  with  water,  a  weak  solution  of  alkali,  and  again 
with  water  until  its  reaction  with  litmus  paper  was  neutral.  The  washed  bromide 
was  desiccated  above  calcium  chloride  and  then  distilled  at  a  vacuum  of  50  mm. 
Distillation  ended  at  l80-l83* .  The  bromide  consisted  of  a  mixture  of  the  two 
products;  1,5-  and  1,6-dibromohydrindene.  The  bromide  Irritates  the  mucous  mem¬ 
brane  of  the  eye,  causing  burning.  VDien  it  is  distilled  at  atmospheric  pressure, 
the  bromide  is  decomposed,  forming  a  product  that  is  a  less  brominated  derivative 
of  hydrindene,  with  a  b.p.  of  240*.  Determination  of  the  per  cent  of  Br  indica¬ 
ted  that  this  decomposition  product  contained  38*2^  bromine,  which  corresponds, 
say,  to  CgHyBr  (40.9^)*. 

Oxidation  of  the  decomposition  product.  The  resultant  monobromide  was 
oxidized  with  a  25^  solution  of  nitric  acid  above  a  boiling  water  bath.  Oxida¬ 
tion  yielded  a  yellow  crystalline  substance  that  is  freely  soluble  in  hot  water, 
alcohol,  chloroform,  and  a  weak  alkali  solution.  Double  recrystallization  from, 
chloroform  yielded  yellowish  crystals  with  a  sublimation  temperature  of  IO5-IO6®. 

Found  C  43.72,  42.65;  H  2.0,  1.87;  Br  35.1,  35-2,  (Carius)*. 

CsHsOsBr.  Computed  42.32;  H  1.32;  Br  35-24. 

which  are  the  figures  for  bromophthalic  acid  anhydride. 

Therefore,  the  product  isolated  from  Fraction  I,  with  a  b.p.  of  176.5“, 
was  hydrindene. 

c)  When  the  same  Fraction  I  was  fractionated  at  12  mm  residual  pressure, 
two  products  were  recovered,  one  of  which  had  a  b.p.  of  8I-85",  and  the  other  a 
b.p.  of  94".  Both  of  these  products  decolorized  bromine  water  and  a  permanganate 
solution. 

Analysis  of  the  product  with  a  b.p.  of  8I-83*  at  12  mm.  Found 
C  91.28,  90.87;  H  8.72,  9.13;  C12H14.  Computed  C  91- l4;  H  8.86. 

Analysis  of  the  product  with  a  b.p.  of  94*  at  12  mm.  Found 
C  91.36,  91.04;  H  8.64,  8.96. 

These  are  the  figures  for  diallylbenzene.  When  we  compare  the  boiling 
points  of  these  products,  -we  may  assert  that  the  first  product  is  o-diallylbenz- 
ene,  while  the  second  one  is  p-diallylbenzene .  The  constants  for  the  latter 
were;  df°  O.915;  ng°  I.526. 

Fraction  II,  which  boiled  in  the  200-250“  range,  yielded  a  product  with 
a  b.p.  of  219-220",  which  was  a  saturated  compound.  Its  Bellsteln  reaction  for 
halogen  was  positive.  When  we  compare  the  analysis  data  for  this  compound  with 
those  given  in  the  literature,  the  compound  in  question  must-  be  called  Y-chloro- 
propylbenzene  [3].  B.p.  219";  d|°  I.O8OI;  ng®  I.516O. 

Fraction  III  was  a  mixture  of  several  substances  which  was  hard  to  separate, 
and  we  were  unable  to  recover  any  individual  compounds  from  it.  Fraction  IV  was 
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pure  1,2-diphenylpropane,  with  a  h.p.  of  280-282°. 

,  Found  C  92.9,5,  92.14;  HJ.75^  7-86;  C15H16.  Comp.  C  92.84;  H  8.16. 

A  crystalline  product  that  distilled  together  with  the  higher  fractions 
up  to  300°  isolated  from  Fraction  IV.  The  melting  point  of  the  crystals  was 

70  to  80°.  This  product  was  9-niethyl-9' ,lC-dihydroanthracene. 

CH3 


Found  C  92.86,  92.955  H  7-14,  T.05l  C15H14.  Computed  C  92.78;  H  7.22. 

9-Methyl-9' ,10-dihydroanthracene  is  freely  soluble  in  nearly  all  organic 
solvents,  which  renders  its  purification  very  difficult.  Double  recrystalliza¬ 
tion  from  gasoline  yielded  a  product  with  a  m.p.  of  80-8l“ .  Molecular* weight  (by 
the  Fast  method):  200;  computed  for  C15H14;  192.  Boiling  the  product  with  alco¬ 
hol  converted  it  into  9-niethylanthracene  [4].  The  plcrate  of  this  product  has 
the  formula:  CisHis’CeHsOyNa.  Its  m.p.  is  137-138“  with  decomposition. 

Second  series  of  tests 

Preparation  of  1,2-diphenylpropane.  The  basic  reagents  for  this  series  of 
tests,  benzene,  allyl  chloride,  and  AICI3,  were  used  in  the  following  proportions" 
2:1/5:1/28.  The  mixture  was  stirred  until  a  bright -red  layer  appeared  on  the  sur¬ 
face  of  the  liquid,  indicating  the  formation  of  an  intermediate  compound  of  l^enzene 
and  aluminum  chloride.  The  Intermediate  compound  was  formed  only  when  a  current 
of  gaseous  hydrogen  chloride  was  fed  into  the  reaction  flask  at  the  same  time  the 
aluminum  chloride  was  added.  The  contents  of  the  flask  were  then  allowed  to  cool 
and  the  allyl  chloride,  previously  diluted  with  an  equal  quantity  of  benzene,  was 
added  drop  by  drop.  The  treatment  of  the  reaction  mixture  was  the  same  as  that 
in  the  tests  of  the  first  series.  After  the  benzene  was  driven  off  a  product  with 
a  b.p,  of  280-281“  (at  atmospheric  pressure)  and  the  following  constants:  df®  O.98I; 
n^°  1.5589  was  recovered  from  the  reaction  mixture.  The  product  exhibited  bright 
blue  fluorescence,  and  was  freely  soluble  in  ethyl  alcohol,  acetone,  and  benzene. 

It  distilled  without  decomposition  at  atmospheric  pressure.  The  yield  was  60^  of 
the  theoretical.  The  constants  of  the  resultant  product  were  those  of  1,2-diphenyl¬ 
propane.  A  series  of  supplementary  tests  were  made  to  study  its  structure. 

Preparation  of  the  nitro-  derivatives  of  l,2-dipher..yl propane.  The  following 
nitrating  mixture  was  used  to  nitrate  1,2-diphenylpropane:  20^  jF{N03  ^sp_. gr_. I..5I:).; 
H2SO4  (sp.  gr.  1.84);  15^  H2O.  3.5  g  of  this  nitrating  mixture  was  used  for  1.9  g 
of  the  1,2-diphenylpropane.  The  reaction  was  carried  out  at  50°  with  continuous 
stirring.  The  hydrocarbon  was  added  to  the  nitrating  mixture  drop  by  drop  in  the 
course  of  30  minutes,  after  which  the  mixture  was  stirred  vigorously  for  2  hours. 

Two  products  were  collected  after  the  careful  fractionation  of  the  reaction  pro¬ 
duct  at  a  residual  pressure  of  5  a  light  yellow  liquid  with  a  b.p.  of  133-155" 
at  5  nffli,  ^4°  0.991,  containing  20^  NO2,  which  was  the* mononitro  derivative  of  1,2 
diphenylpropane . 

Found  C  73.15,  73.02;  H  6.O6,  6.18;  N  6.7,  6.5I.  C15H15O2N. 

Computed  ^  C  74*75  H  6.2;  N  5.8, 

The  second  liquid  was  bright  orange,  with  a  characteristic  acrid  odor  and  a 
b.p.  of  180*  at  2  mm.  It  contained  50^  NO2,  which  indicated  that  fbur  nitro  groups 
were  present  in  the  product  (the  theoretically  calculated  figure  was  49^) . 

Found  C  46.6,  47.8;  H  3-8,  3.75  N  l4.8,  14.6.  C15H12O8N4. 

Computed  C  47.9;  H  3-2;  N  l4.9. 

The  structure  of  this  mononitro-l,2-diphenylpropane  was  established  by 


destructively  oxidizing  the  latter:  4  g  of  nitrodiphenylpropane  was  dissolved  in 
80  ml  of  acetic  acid.  An  oxidizing  mixture,  consisting  of  8.6  g  of  KaCrsOy,  4.7 
ml  of  glacial  acetic  acid,  and  8.5  ml  of  water,  was  added'^drop  by  drop  at  60-70* 
to  the  solution  of  the  nitro  product  during  the  course  of  one  hour.  A  viscous, 
yellow  liquid,  product  with  a  b.p.  of  225-250*  at  2  mm  was  secured  after  the  re¬ 
action  mixture  had  been  neutralized  with  ammonia,  the  aqueous  layer  had  been  re¬ 
moved,  and  the  product  had  been  desiccated  and  fractionated.  When  the  product 
was  allowed  to  stand,  copious  quantities  of  acicular  yellow  crystals  settled  out, 
consisting  of  p-nitrobenzaldehyde  (b.p.  IO6*)  [sj. 

Found  C  56. 1,  55. 2j  H  5-5,  3o8;  N  9-0,  9,0. 

C7H5O3N.  Computed  C  56.65  H  5.35  N  9.3- 

The  mother  liquor  apparently  consisted  of  acetophenone  (a  yellow  liquid 
with  a  b.p.  of  205-207”)  d|°  I.O255  ng°  1.534  [«]). 

Found  C  78.7,  79-45  H  7-2,  6.76.  CgHsO.  Computed  C  8O.O5  H  6.7. 

All  this  indicates  that  the  structure  of  the  nitro-1, 2-diphenylpropane  is: 


Ci4a  —  cw—  CM* 


No-i.  HO-I. 


The  polynitroproduct,  containing  four  nitro  groups,  has  the  formula; 


Conversion  of  1, 2-diphenylpropane  into  9-Diethyl-9 *AQ-dihydroanthracene  by 
distillation  in  the  presence  of  AICI3.  1,2-Diphenylpropane  is  a  rather  stable 
compound.  Repeated  distillation  with  a  view  to  securing  a  purer  product,  for  ex¬ 
ample,  indicated  that  when  the  product  is  present  in  the  pure  state,  it  distills 
almost  completely,  without  decomposition.  Distillation  with  AICI3,  however,  demon¬ 
strated  that  it  could  be  converted  into  9-niethyl-9' ,10"dibydroanthracene.  With 
this  as  our  objective,  4  g  of  deisccated  aluminum  chloride  was  added,  with  cons¬ 
tant  stirring,  to  5  S  of  1, 2-diphenylpropane,  The  contents  of  the  flask  were  . 
heated  over  a  water  bath  for  2  hours,  after  which  the  reaction  mixture  was  decom¬ 
posed  with  water.  Benzene  was  added,  and  the  oily  layer  was  separated  from  the 
aqueous  one,  desiccated  with  calcium  chloride,  and  fractionated  after  the  benzene 
had  been  driven  off.  A  product  distilled  at  190-200*  and  2  mm  that  was  readily 
transformed  into  the  crystalline  state)  repeated  recrystallization  from  benzene 
yielded  a  crystalline  substance  with  a  m.p.  of  79-80*.  Determination  of  its 
constants  indicated  that  this  product  was  9"niethyl-9' ,10-dlhydroantbr’acene. 

Third  series  of  tests 

Preparation  of  m-allyltoluene,  7-Diethylhydrindene,  2 '  ,2 "-dimethyl-1 , 2-di- 
phenylpropane ,  and  2,7,9-trimethyl-9* ,10-dlhydroanthracene.  Retaining  the  con¬ 
ditions  used  for. the  reaction  of  toluene  and  allyl  chloride  in  the  presence  of 
aluminum  chloride  in  the  first  series  of  tests,  we  secured  a  reaction  product 
that  was  separated  into  the  following  fractions  by  fractionation  at  2  mm  residual 
pressure  (Table  5)- 

Repeated  distillation  of  Fraction  I  yielded  a  product  that  did  not  decolor¬ 
ize  bromine  water,  with  a  molecular  weight  of  I56  and  a  boiling  point  of  l82-l84* 
at  atmospheric  pressure,  the  analysis  of  which  corresponded  to  that  of  methylhyd- 
r indene . 

With  constant  stirring. 
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TABLE  5 


Fraction 

No. 

Fraction 

boiling 

Amount  of  fraction 
recovered 

Characteristics  of  fraction 

range  at 

2  mm 

in  g 

in  ^ 

I 

55-100“ 

3.25 

i  22.2 

Equivalent  to  7-inethylhydrindene 

II 

100-135 

1.25  ' 

8.4 

Equivalent  to  m-allyltoluene 

III 

135-190 

2,60 

17.5 

Equivalent  to  2 ’,2"  -dimethyl-1,2- 
diphenylpropane 

IV 

190-215 

5.00 

33.7 

Crystals;  redistillation  yielded  2,7,9- 
trimethyl-9' , 10-dihydroanthracene 

V 

215 

2.70 

18.2 

Tar 

Found  C  91. 08,  91. H  8.92,  8.89.  Computed  C  90.91;  H  9.O9. 

A  product  with  a  toiling  point  of  197-199*  at  atmospheric  pressure  and  a 
molecular  weight  of  129,  the  ultimate  analysis  of  which  was  that  of  allyltoluene, 
was  Isolated  from  Fraction  II,  which  decolorized  bromine  water  and  potassium 
permanganate . 

Found  C  89.82,  89.98;  H  10. 18,  10.02.  C10H12.  Computed  C  90.91; 

H  9.09. 

A  product  with  a  boiling  point  of  296-298*  at  atmospheric  pressure  and  a 
molecular  weight  of  230  (224  was  computed  for  C17H20)  was  isolated  from  Fraction 
III. 

Found  C  91.8?,  91. 5O;  H  8.13,  8.5.  C17H20.  Computed  C  91.11;  H  8.89. 

Though  the  results  of  these  analyses  cannot  be  considered  as  whol^^  corres¬ 
ponding,  it  is  nonetheless  most  probable  that  the  formula  of  this  product  is  _ 

2' ,2* ' -dimethyl- 1,2-diphenylpropaneo  Subsequent  oxidation  of  the  product,  per¬ 
formed  as  was  the  case  with  1,2-diphenylpropane,  yielded  toluylaldehyde. 

Fraction  IV  was  a  crystalline  substance,  wetted  with  a  certain  amount  of 
oil.  Redistillation  and  repeated  recrystallization  from  benzene  yielded  a  crys¬ 
talline  product  with  a  b.p.  of  233-234*  and  a  molecular  weight  of  209-212,  The 
crystals  were  prisms  with  a  yellowish  tinge.  Their  ultimate  analysis  was  that 
of  trimethyldihydroanthracene. 

Found  <joi  C  92.07,  91. 80;  H  7-93,  8.I9.  C17H18.  Computed 

c  91.89;  H  8.11, 

STJMMARY 

1.  The  reaction  of  allyl  chloride  with  benzene  in  the  presence  of  desic¬ 
cated  aluminum  chloride  is  a  complicated  one,  numerous  compounds  being  formed, 
the  principal  ones  being;  hydrlndene,  1,2-diphenylpropane,  and  9-niethyl-9',  10- 
dlhydroanthracene.  The  intermediate  products  may  include  monoallylbenzene, 

p-  and  o-diallylbenzene,  and  Y-chloropropylbenzene . 

2.  The  principal  products  —  hydrlndene  and  1,2-diphenylpropane  —  may  be 
secured  by  maintaining  the  appropriate  quantitative  proportions  of  the  reagents. 
Increasing  the  percentage  of  aluminum  chloride  results  in  the  synthesis  of  hyd- 
rindene^  a  cyclic  compound,  as  the  principal  product,  while  diminishing  the  per¬ 
centage  of  AICI3  entails  the  formation  of  1,2-diphenylpropane  as  the  principal 
product  (up  to  60^  of  the  theoretical) . 

3)  The  reaction  of  benzene  and  allyl  chloride  in  the  presence  of  AICI3 
takes  place  with  the  activity  of  the  halogen  in  the  allyl  chloride  (or  bromide) 


predominating. 

4.  Bromination  of  hydrindene  with  subsequent  oxidation  of  the  product  of 
the  decomposition  of  the  dibromohydrindene  results  in  the  synthesis  of  bromophthal- 
ic  anhydride. 

5.  Nitration  "of  1,2-diphenylpropane  yielded  4* -nitro-l,2-diphenylpropane 
and  2*,  4',  2",  4’'-tetranltro-l,2-diphenylpropane. 

6.  Oxidation  of  4' -nitro-l,2-diphenylpropane  with  bichromate  in  an  acid 
medium  yielded  p-nitrobenzaldehyde  and  acetophenone. 

7.  It  has  been  found  that  hydrolysis  of  1,2-diphenylpropane  in  the  presence 
of  AICI3  results  in  the  formation  of  9-iiiethyl-9' AO-'^ihydroanthracene. 

8.  It  has  been  found  that  the  reaction  of  benzene  with  allyl  bromide  under 
the  same  conditions  as  those  used  for  the  reaction  of  benzene  with  allyl  chloride 
yields  the  same  results  as  the  latter  reaction. 

9.  The  condensation  of  toluene  with  allyl  chloride  or  bromide  in  the  pres¬ 
ence  of  aluminum  chloride  is  like  the  reaction  of (benzene  with  allyl  chloride. 

The  principal  reaction  product  is  2,7^9-trimethyl-9SI*^~^i^^y^ro^^4hracene.  7- 
Methylhydrindene  and  2’ ,2"  dimethyl-1, 2-diphenylpropane  are  by-products  of  this 
reaction. 
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RESEARCH  ON  THE  ISOMERIC  TRANSFORMATIONS  OP  a-KETOLS 


VIII.  THE  EFFECT  OP  METHYL  IN  THE  PARA  POSITION  OP  THE  PHENYL  RING  UPON 
THE  COMPARATIVE  STABILITY  OP  ISOMERIC  ALIPHATIC  AROMATIC  a-KETOLS 


T.  I.  Temnikova  and  L.  A.  Petrova 


In  the  preceding  report  of  this  series  [i]  an  endeavor  was  made  to  explain 
the  influence  of  electronic  group  effects  upon  the  comparative  stability  of  iso¬ 
meric  aliphatic-aromatic  a-ketolSo  An  outline  of  the  process  Involved  in  the  re¬ 
ciprocal  isomeric  transformations  of  a-ketols  in  an  alkaline  medium  was  suggested, 
based  upon  theoretical  considerations  and  the  available  experimental  data. 

With  the  objective  of  continuing  our  research  on  the  effect  of  atoms  and 
atom  groups  upon  the  equilibrium  position  and  the  velocity  of  the  transfers  in 
the  isomeric  transformations  of  a-ketols,  we  have  made  a  study  in  the  present  re¬ 
port  of  the  Isomeric  aliphatic-aromatic  a-ketols  that  have  a  methyl  group  in  the 
para  position  of  the  phenyl  ring;  p-tolylacetylcarbinol  (l)  and  methyl-p-tolyl- 
carblnol  (ll)s 

P-CH3C6H4-CHOH-CO-CH3  s  pr-CH3C6H4-C0-CH0H-CH3 . 

I  II 

We  expected  that  the  methyl  group,  exhibiting  +I  and  +M  effects,  would 
cause  an  appreciable  change  in  the  chemical  properties  of  the  a-ketols  in  ques¬ 
tion  as  compared  to  their  homologs  that  had  no  substitutions  in  the  ring. 

The  two  ketols  were  prepared  from  the  corresponding  a-bromo ketones  by 
heating  the  latter  with  potassium  formate  in  methanol.  When  the  reaction  was 
performed  with  a-bromo-a-tolylacetond^ under  the  usual  conditions  [2],  the  extra- 
ordlnj^rily  high  activity  of  the  bromine  atom  [3]  resulted  in  our  securing  a  pro¬ 
duct  with  a  high  percentage  of  the  methoxy  derivative,  which  we  were  unable  to 
separate  from  the  ketol  by  fractional  distillation.  Only  when  the  reaction  was 
carried  out  with  a  saturated  solution  of  HCOOK  under  unusually  mild  conditions 
were  we  able  to  secure  a  substance  that  contained  no  methoxy  groups.  The  p-tolyl- 
acetylcarbinol  (l)  that  we  secured  proved  to  be  a  highly  unstable  substance’  that 
lost  one  molecule  of  water  per  two  molecules  of  the  ketol  more  or  less  readily  when 
distilled  in  vacuum,  depending  on  the  extent  of  the  vacuum,  and  forming  the  crys¬ 
talline  product  C20H22O3.  The  same  crystalline  product  is  formed  when  the  ketol 
is  stored  for  a  long  time  at  room  temperature,  as  well  as  by  the  action  of  acetyl 
chloride  upon  p-tolylacetylcarbinol  in  the  presence  of  barium  carbonate.  The 
substance  secured  contains  no  hydroxyl  groups  and  may  be  the  ether  of  the  ketol 1 

CH3C6H4“-CH~C0-CH3 

0 

ch3C6H4-(I:h-co-ch3 

Similar  observations  were  made  by  A.E.Favorsky  and  Mandyrko  [2]  and  A.E. 
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F&vorsky  snd  EoDoVsnus— Dsmilova  [^]  j  who  noticod.  "tho  fonuB.'bion  of  iiiinu."fc0  (^118.1111  if  is 
of  such  substances  when  the  ketols  they  were  investigating  were  distilled  in  vac-  . 
uum. 


A  freshly  distilled  p-tolylacetylcarbinol  produces  high  yields  of  the  semi- 
carbazone,  with  a  m=p.  of  I89* ^  and  of  the  osazone,  with  a  m.p.  of  l4l-l43* •  Re¬ 
acting  it  with  2-5*Jb  HCl  in  methanol  yields  a  cyclodimethyl  dilactolide*  with  a  m.p. 
of  255"  (lll)o 

The  isomeric  a-ketol  -  methyl-p-toluylcarbinol  (llj  -  was  prepared  from  a- 
bromoethyl-p-tolylketone  by  heating  the  latter  with  HCOOK  and  CH3OH.  The  prepara¬ 
tion  secured  as  the  result  of  this  reaction  was  not  the  expected  pure  ketol,  either, 


CHa  pCHa  C6H4CH3 

— dn 
\ 

/ 

yjs. - 0-0CH3 

CH3C6H4  CH3 

(III) 


\c. 


CH3 


\ 


CH- 


0. 


/ 

CH3-C6H4-C- 

CH3O 


(IV) 


^0CH3 

-C^C6H4CH3 

.  CH3 


containing  the  isomeric  ketol  p-tolylacetylcarbinol  (l);  the  substance  gave  a  yield 
of  11^  of  a  semicarbazone  corresponding  to  the  isomeric  ketolj  we  were  unable  1:0, 
secure  the  semicarbazone  corresponding  to  the  p-toluyl  isomer.  The  preparation 
was  found  to  contain  20^  of  the  acetyl  isomer  by  means  of  titration  with  hydrox;>-l- 
amine  hydrochloride.  In  order  to  prepare  the  pure  methyl-p-toluylcarbinol,  we 
treated  the  substance  twice  with  a  water-alcohol  solution  of  semicarbazide;  the 
resultant  semicarbazone  was  filtered  out,  and  the  ketol  was  isolated  from  the  solu¬ 
tion  in  the  usual  manner  -  by  slightly  heating  the  latter  with  highly  dilute  sulf¬ 
uric  acid,  followed  by  extraction  with  ether.  The  cyclodimethyl  dilactolide  (m.p. 
230“)  (iv)  was  prepared  from  the  resultant  substance. 

Thus,  we  were  unable  to  secure  the  pure  individual  isomers  of  the  tolyl 
methyl  ketols:  the  acetyl  Isomer  (l)  contained  a  dehydration  product,  apparently 
the  ether  of  the  ketol,  while  the  toluyl  isomer  (ll)  was  secured  mixed  with  the 
acetyl  isomer  (l). 

Since  the  corresponding  cyclodimethyl  dllactolides  had  been  prepared  from 
both  of  these  ketols,  we  were  able  to  polve  the  problem  we  had  set  ourselves  in 
this  research;  ascertaining  the  comparative  stability  of  these  isomeric  a-ketols. 
With  this  in  mind,  we  plotted  a  graph  showing  the  variation  of  the  melting  point 
of  a  mixture  of  the  cyclodimethyl  dllactolides  of  methyl  p-tolyl  ketols  with  the 
composition  of  the  mixture  (Figure,  p.  7^7)*  It  should  be  noted  that  as  the  com¬ 
position  of  the  mixture  approaches  the  Isl  ratio,  the  fusion  becomes  less  precise, 
the  substance  beginning  to  soften  before  melting,  sometimes  3-10*  before  the  ap¬ 
pearance  of  the  meniscus.  Lastly,  the  meniscus  appears,  and  the  substance  clears 
up  completely  after  the  temperature  is  raised  another  few  degrees;  the  temperature 
at  which  the  meniscus  appears  is  plotted  on  the  ordinates  of  the  graph  in  every 
instance . 

The  applicability  of  this  method  to  the  establishment  of  the  composition 
of  a  mixture  of  a-ketols  is  shown  by  the  formation  of  individual  cyclodimethyl 
dllactolides  when  CH3OH  and  HCl  act  upon  the  ketols,  as  demonstrated  previously. . 

In  one  of  our  previous  reports  we  have  also  shown  that  the  ketols  are  not  isomer- 
ized  when  they  are  acted  upon  by  HCl  and  CH3OH  in  the  cold,  [5]. 

It  has  been  shown,  above  that  the  reaction  of  HCOOK  +  CH3OH  with  a-bromoethyl 
p-tolyl  ketone  produces  a  mixture  of  ketols.  The  reaction  product  was  treated  with 
3^  HCl  in  methanol  to  ascertain  its  structure;  the  resultant  substance  fused  at 

^Cf  F]  for  the  nomenclature  involved. 


7^6 


215-2r8*o  When  a  known  preparation  of  cyclodimethyl  dilactolide  is  added  to  p- 
tolylacetylcarbinol,  the  melting  point  of  the  mixture  is  lowered,  while  it  is 
raised  when  cyclodimethyl  dilactolide  is  added  to  methyl-p-toluylcarbinol.  With 
this  information,  we  can  conclude  that  the 
preparation  of  methyl-p-toluylcarbinol  re¬ 
sults  in  the  formation  of  a  mixture  of 
ketols,  which  contains  about  20-25^  of  the 
isomeric  ketol  p-tolylacetylcarbinol  in 
addition  to  the  normal  reaction  product; 
this  agrees  with  the  figures  obtained  by 
the  hydroxy lamine  method.  This  conclusion 
was  tested  by  preparing  a  mixture  of  cy¬ 
clodimethyl  lactolides  of  the  specified 
composition  -  the  melting  point  of  the  mix¬ 
ture  was  218 o 5“ . 

When  preparations  of  the  ketols  were 
heated  for  20  hours  with  freshly  precipitated 
barium  carbonate,  they  isomerized,  the  pro¬ 
gress  of  the  isomerization  being  judged  by 
the  melting  point  of  the  resulting  mixture 
of  cyclodimethyl  dilactolides .  Processing 
of  the  p-tolylacetylcarbinol  yielded  a 
cyclodimethyl  dilactolide  with  a  m.p.  of 
227.5*5  adding  methyl-p-toluylcarbinol  to 
a  sample  of  the  known  cyclodimethyl  dilac¬ 
tolide  lowered  the  melting  point,  while 
adding  a  derivative  of  p-tolylacetylcarblnol  . 
raised  it.  According  to  the  fusibility  curve, 
these  properties  correspond  to  a  lactollde  mixture  corresponding  to  23-28^  of 
methyl-p-toluylcarbinol  and  77-72^  of  p-tolylacetylcarbinol;  these  proportions 
were  also  checked  by  comparison  with  a  mixture  of  known  proportions.  In  the  iso¬ 
merization  of  a  ketol  preparation  containing  20-25^  of  p-tolylacetylcarblnol  and 
80-75^^>  of  methyl-p-toluylcarbinol,  heating  for  20  hours  resulted  in  the  recovery 
of  a  cyclodimethyl  dilactolide  with  a  m.p.  of  226*,  which  is  the  figure  for 
of  the  acetyl  isomer  and  95-90^  of  the  p-toluyl  isomer. 


coMpofiinoM  Twp- 


BV  wetOwr  .  . 

Melting  point  of  mixtures  of 
cyclodimethyl  dilactolide  with 
methyl-p-toluylcarbinol  and  p- 
tolylacetylcarbinol  as  a  func¬ 
tion  of  the  composition  of  the 
mixture. 


These  figures  indicate  that  the  toluyl  isomer  is  the  more  stable  of  the 
two  Isomeric  ketols  that  have  a  methyl  and  a  p-toluyl  group  in  the  ketol  group¬ 
ing. 

Composition  of  ketol  mixture  Composition  of  ketol  mixture 

before  isomerization  after  isomerization 


75-80^  P-CH3C6H4COCHOHCH3  \  BaCOg ,  HgO  90-95^  CH3C6H4-CO-CHOHCH3 

25-20^  P-CH3C6H4CHOHCOCH3  J  100*,  20  hrs.  10-5^  CH3C6H4-CH0^C0-CH3 


100^  P-CH3C6H4-CHOH-CO-CH3 


the  same  [25-28^  CH3C6H4COCHOHCH3 

conditions  [77-72^  CH3C6H4CHOHCOCH3 


Comparison  of  the  results  of  this  research  with  the  data  given  in  the  paper 
on  the  isomerization  of  ketols  with  an  unsubstituted  phenyl  radical  indicates 
that  substituting  methyl  for  hydrogen  in  the  para  position  changes  the  comparative 
stability  of  the  ketols,  since  the  acetyl  isomer  of  the  homolog  that  has  no  sub¬ 
stitution  in  the  ring  [e]  is  more  stables 


C6H5-CO-CHOII-CH3  - >  C6H5-CH0^C0-CH3. 

It  follows  that  the  +M  effect  of  the  tolyl  group  is  greater  than  that  of 
the  CH3-group  when  these  groups  are  present  in  the  vicinity  of  an  enediol  group¬ 
ing. 
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Comparison  of  the  two  papers  likewise  indicates  how  slow  the  isomeric  trans¬ 
formation  of  methyl  p-tolyl  ketols  is:  methylhenzoylcarbinol  is  completely  conver¬ 
ted  into  the  isomeric  a-ketol  under  these  conditions,  while  isomerization  is  only 
20^  complete  in  the  case  of  the  tolyl  ketols.  The  slowness  of  the  isomerization 
process  when  the  methyl  group  is  in  the  para  position  of  the  phenyl  radical  is 
further  support  of  the  outline  we  have  suggested  for  the  isomeric  transformation 
of  a-ketols  in  an  alkaline  medium;  the  increase  in  the  electron  density  in  the  re¬ 
action  zone  (the  zone  of  the  CHOH-CO/ group}  due  to  the  +I  and  +M  effects  of  the 
CHs-group  in  the  tolyl  radical  must  slow  down  the  prototropic  process  that  involves 
the  intermediate  formation  of  an  ene-diol  grouping  the  outline  [i]  for  an  alk¬ 
aline  medium) . 

In  that  paper  it  was  pointed  out  that  the  reaction  of  HCOOK  with  a-bromo- 
methyl  p-tolyl  ketone  in  methanol  results  in  the  formation  of  20^  of  an  isomeric 
ketol,  an  anomalous  product  of  the  reaction,  which  is  less  stable  than  the  normal 
reaction  product: 

CH3 

i6H4 

CO 

1 

CHBr 

A  similar  phenomenon  was  described  in  the  paper  by  T. I. Temnikova  and  E.I. 
Kulachkova  for  the  methyl  p-chlorophenyl  ketols  [i]j  the  mechanisms  of  this  rear¬ 
rangement  are  given  in  that  paper . 

By  way  of  continuing  previous  investigations  [e],  we  were  interested  in 
synthesizing  the  esters  of  methyl  p-tolyl  ketols  by  reacting  the  latter  with  acid 
chlorides.  We  were  unable  to  get  the  reaction  to  proceed  in  the  desired  direc¬ 
tion  in  a  single  case.  As  we  have  pointed  out  above,  the  reaction  of  tolylacetyl- 
carbinol  ■'With  acetyl  chloride  resulted  in  the  formation  of  a  dehydration  product, 
formed  from  two  molecules  of  the  ketol.  We  were  unable  to  secure  a  benzoyl  deriv¬ 
ative  by  reacting  methyl-p-toluylcarbinol  with  benzoyl  chloride,  although  the 
benzoic  ester  of  a  ketol  is  a  readily  identifiable  substance.  We  prepared  the 
latter  from  a-bromoethyl  p-tolyl  ketone  and  potassium  benzoate  as  a  readily  crys- 
tallizable  substance  with  a  m.p.  of  9^-99*;  which  is  slightly  soluble  in  ether. 

EXPERIMENTAL 
1.  p-Tolylacetylcarbinol 

The  initial  p-tolylacetone  and  a-bromo-a-tolylacetone  were  prepared  by  the 
method  described  previously  [3].  Owing  to  the  instability  of  the  broraoketone,  it 
was  not  purified  by  distillation,  being  placed  in  the  reaction  as  soon  as  the 

solvent  had  been  driven  off  in  vacuum.  A  50^  methanol  solution  of  the  bromoketone, 

prepared  with  51  g  of  tolylacetone,  was  poured  into  a  solution  of  50  g  of  HCOOK 

in  methanol  that  was  saturated  at  40“ .  The  mixture  was  heated  to  a  gentle  boil 

with  continuous  stirring.  The  first  stage  of  the  reaction  -  the  formation  of 
formic  ether  -  takes  place  extremely  fast,  though  the  second  stage  -  the  re-ether¬ 
ification  stage  -  requires  considerable  time.  After  heating  had  continued  for 
10  hours  the  reaction  product  was  processed  in  the  usual  manner. 

Fractionation  at  8  mm  pressure  yielded  the  following  fractions:  l)  b.p. 
IO5-I25*,  8.65  gj  2)  125-150“ ^  4.9  gj  and  5)  150-155*^  consisting  chiefly  of  the 
ketol.  The  yield  was  27^.  The  preparation  of  tolylacetylcarbinol  thus  produced 
was  a  greenish  yellow  liquid  with  a  b.p.  of  100-101"  at  1  mm  and  105-106"  lit  I.5- 
2  mm,  and  with  an  acrid  odor,  wtiich  quickly  yields  up  a  crystalline  substance  upon 
standing. 


HCOOK  +  CHaOH 


CH3C6H4-C0-CH0I^CH3 


"CH3-C6H4-CHOH-CO-CH3 
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Analysis  of  the  substance  with  a  b,po  of  100-101*  at  1  mm,  which  did  not 
yield  a  crystalline  substance  upon  standing. 

0,0803  g  substance:  O.215O  g  CO25  0.049^  g  H2O.  O.O605  g  substance; 

0.1616  g  CO2;  0.0401  g  H2O.  0.1029  g  substance;  17.2  g  CsHe;  At  0.175*^ 

0,1132  g  substance;  20.3  g  CsHs;  At  O.172",  Found  C  75.02,  73.07; 

H  6.88,  7,44;  M  161,5,  166,3,  C10H12O2.  Computed  C  73.17;  H  7.32; 

M  l64. 

Analysis  of  the  substance  distilled  at  low  pressure  (1,5-2  mm),  which 
yielded  a  crystalline  product  upon  standing,  indicated  a  higher  percentage  of 
carbon  (^C  =  75.31). 

Semicarbazone  of  tolylacetylcarbinol.  This  was  prepared  by  the  usual 
method  in  aqueous  solution,  the  yield  being  of  the  theoretical.  It  fused  at 
I89-I9O*  after  recrystallization  from  alcohol, 

0,0953  g  substance;  l6,0  ml  N2  (23*,  755.7  mm).  0,0921  g  substance: 

15.8  ml  N2  (24",  759  mm).  Found  N  l8,9,  19.0,  C11H15O2N3.  Com¬ 
puted  N  19.0. 

Osazone  of  p-tolylacetylcarbinol,  A  solution  of  0,96  g  of  the  ketol  in  a 
small  amount  of  30^  acetic  acid  was  added  to  a  solution  of  1,9  g  of  phenylhydra- 
zine  in  30%  CH3COOH,  Prolonged  agitation  yielded  an  orange  clump.  After  standing 
for  10  hours,  the  mixture  was  heated  for  4  hours  over  a  water  bath  (6O-7O*),  It 
was  poured  into  water  8  hours  later  and  extracted  with  ether.  The  ether  extract 
was  desiccated  with  MgS04,  The  viscous  liquid  left  after  the  ether  was  driven 
off  crystallized  within  a  month.  The  substance  fused  at  l4l-l43*  after  recrys- 
tallizatlon  from  alcohol, 

0,i0l8  g  substance;  I5.O  ml  N2  (24*,  7^0.4  mm).  0,0767  g  substance: 

11.2  ml  N2  (20*,  763.4  mm).  Found  N  l6.64,  16.8O,  C22H22N4, 

Computed  N  l6,37. 

CyclodjLmethyl  dllactolide  of  p-tolylacetylcarbinol.  This  was  prepared  by 
pouring  aj2-3%  solution' of  HCl  in  methane  Ihtb  ausolut^lon-of  the'' ketol  "in  SH3OH.  The 
crystals  that  settled  were  filtered  out  of  the  solvent,  washed  with  ether,  and 
recrystallized  from  benzene.  M.p.  253". 

0.0980  g  substance;  0,2659  g  CO2;  0,0683  g  H2O,  0,1122  g  substance; 

0,5055  g  CO2.  0,0746  g  H2O.  0,0998  g  substance;  0,1227  g  Agl.  0.1023  g 
substance:  O.128O  g  Agl,  Found  %:  C  74.00,  74,26;  H  7.80,  7.44;  C)CH3 
16,23,  16,54.  C22H28O4.  Computed  %:  C  74.16;  H  7.83;  OCH3  17.13. 

In  our  initial  attempts  to  prepare  p-tolylacetylcarbinol,  we  used  the 
procedure  usually  employed  in  preparing  a-ketols,  involving  the  heating  of  a- 
bromo-a-tolylacetone  to  110*  for  10  hours  in  a  sealed  tube  with  one  and  a  half 
times  as  much  HCOOK,  The  following  principal  fractions  were  secured:  110-112* 
at  12  mm,  and  122-123.5*  ^-t  12  mm. 

Analysis  of  both  fractions  disclosed  the  presence  of  a  methoxy  product 
(%  CH3O  =  1.49  in  Fraction  1  and  8,06  in  Fraction  2).  Each  fraction  yielded  a 
semicarbazone,  which  proved  to  be  a  mixture  of  two  substances;  the  monosemicarb- 
azone  of  tolylacetone,  with  a  m.p,  of  I58-I61',  and  the  disemicarbazone  of  the 
dlketone  acetyltoluyl,  with  a  m.p,  of  223-224*  (in  a  sealed  tube,  with  decompos¬ 
ition),  not  hitherto  described  in  the  literatune. 

Analysis  of  the  substance  with  a  m.p.  of  223-224*.  O.IO98  g  substance: 

27.9  ml  N2  (16,5",  770.5  mm).  Found  N  30, l4,  CigHisOpNe. 

Computed  %;  N  30.43. 

Investigation  of  the  crystalline  sub stance  formed  in  the  distillation  and 
storage  of  tolylacetylcarbinol.  When  the  freshly  distilled  preparation  of  the 


ketol  was  kept  In  an  atmosphere  of  CO2  or  in  sealed  ampoules,  it  yielded  a  crys¬ 
talline  substance  fairly  rapidly,  sometimes  within  ^  -  3  hours,  which  consisted 
of  elongated  white  prisms,  with  a  m.p.  of  173",  after  recrystallization  from 
ethyl  alcoholo  The  lower  the  pressure  in  the  system  during  the  distillation  of 
the  ketol,  the  quicker  the  crystalline  substance  separated  out, 

0.1110  g  substance:  O.3136  g  CO2;  O.O69I  g  H2O,  0,0967  g  substance: 

0.2731  g  CO2;  0,0630  g  H2O,  0.0598  g  substance,"  17.7  g  CsHss  At  0,065’. 

0,1297  g  substance;  17. 1  g  CsHs:  At  0,1^5*.  Found  C  77*05,  77*02; 

H  6.97,  7,29;  M  276,  268,5.  C20H22O3.  Computed  C  77*^2;  H  7*10,  M  310, 

The  substance  did  not  contain  any  OH  group,  nor  did  it  form  a  semicarba- 

zone, 

2,  Methyl-p-toluylcarbinol 

The  initial  substance  used  in  synthesizing  methyl-p-toluylcarbinol  was  a- 
bromoethyl-p-tolyl  ketone,  with  a  m.p.  of  76-77",  which  is  in  conformity  with 
the  figures  given  in  the  literature  [v].  The  ketol  was  prepared  by  heating  the 
bromoketone  with  HCOOK  and  CH3OH  to  100-110*  for  10  hours  in  sealed  tubes. 

The  usual  processing  and  distillation  yielded  a  top  fraction  with  a  boil¬ 
ing  point  that  agreed  with  that  of  the  expected  ketol,  the  yield  being  31%  of 
the  theoretical,  B.p,  129-131"  at  8  mm,  109-110*  at  2  mm,  and  96*  at  1  mm. 

0.1^15  g  substance:  0.379^  g  CO2;  0.0898_g  H2O.  0,1123.,g  substance:  ■ 

0.3007  g  C02;'o.0765  g  H2O..  0. 10^^  g_  substance;  I5.4  g' CeHe*  At‘o.203*. 
0.217^  g  substance:  15.*^’ S-peHes  At  Q.^k3*  -  Found  %:  C  75*07,  75*11; 

H  7.10,  7*62;  M“l^,*"i63,  C10H12O2.  Computed  C  75*17,“  H  7*52;  M  l64. 

Reacting  the  product  with  semlcarbazide  acetate  produced  a  semicarbazone 
with  a  yield  that  was  11^  of  the  theoretical,  the  m.p,  ^of  which  was  I88-I89*, 
which  exhibited  no  depression  when  fused  with  the  semicarbazone  of  the  isomeric 
ketol,  p-tolylacetylcarbinol,  which  had  the  same  melting  point. 

Titration  with  hydroxylamlne  hydrochloride  (Marasco's  method  [a]). 

0,3482  g  substance:  5*2  ml  NaOH  (T  0.003515)*  0,3452  g  substance: 

6.0  ml  NaOH  (T  0,003513),  Found  %:  CHaCO-group  21,5,  25.2, 

These  figures  Indicated  that  the  substance  prepared  by  reacting  a-bromo- 
ethyl-p-tolyl  ketone  with  HCOOK  and  CH3OH  consisted  of  a  mixture  of  ketols,  con¬ 
taining  about  20-25^  of  the  Isomeric  ketol  p-tolylacetylcarblnol. 

Cyclodimethyl  dilactolide  of  methyl-p-toluylcarbinol.  The  cyclodimethyl 
dllactollde  of  the  individual  methyl-p-toluylcarbinol  was  prepared  by  treating 
a  preparation  of  the  ketol  twice  with  a  solution  of  semlcarbazide  in  a  water- 
methanol  solution.  The  solution  was  set  aside  for  two  days  for  the  semicarbazone 
to  form  and  settle  out  completely.  The  filtrate  was  acidified  with  a  5^  solution 
of  H2SO4  and  heated  for  a  few  minutes  over  a  water  bath,  after  which  it  was  ex¬ 
tracted  with  ether.  The  ether  extract  was  washed  with  a  soda  solution  and  with 
water  and  desiccated  with  CaCl2,  after  which  the  ether  was  driven  off  in  vacuum. 
The  oil  that  remained  was  covered  with  a  3%  solution  of  HCl  in  methanol.  The 
next  day  the  crystalline  substance  that  had  settled  was  filtered  out  and  recrys¬ 
tallized  from  a  benzene-alcohol  mixture,  M.p.  230*. 

An  analysis  was  made  for  the  substance  secured  from  the  ketol  before  the 
isolation  of  the  p-tolylacetylcarbinol;  ^  below.) 

The  Benzoyl  Derivative  of  Methyl-p-toluylcarbinol 

We  were  unable  to  secure  the  benzoate  of  the  ketol  by  heating  the  ketol 
mixture  with  benzoyl  chloride  in  benzene  in  the  presence  of  BaC03, 

We  secured  the  benzoyl  derivative  of  methyl-p-toluylcarbinol  by  heating 
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4  g  of  a-bromoethyl-p-tolyl  ketone  with  4o2  g  of  potassium  benzoate  in  60  ml  of 
ethyl  alcohol  over  a  water  bath  for  8  hours.  Driving  off  the  alcohol  and  treat¬ 
ing  the  residue  with  water  yielded  a  crystalline  substance  that  was  very  slightly 
soluble  in  etherj  the  substance  had  a  mop,  of  98-99*  after  recrystallization  from 
ligroin, 

0,1056  g  substances  0,2956  3  OO25  0,0604  g  H2O.  O.III5  g  substances 
0,3098  g  CO2)  0,0571  g  H2O,  Found  C  76.3^,  75o9l5  H  6.40,  5,74, 

CiqHiyOs.  Computed  ^s  C  76,12;  H  5»97= 

Investigation  of  the  Comparative  Stability  of  a-Ketols 

The  isomeric  transformations  of  the  a-ketols  were  Investigated  by  thermal 
analysis  of  their  cyclodimethyl  lactolides.  The  curve  showing  the  variation  of 
the  melting  point  (the  temperature  at  which  a  meniscus  appears  in  the  capillary) 
with  the  composition  of  the  mixture  is  given  in  the  figure. 

The  cyclodimethyl  dllactolide  of  the  product  secured  by  reacting  a-bromo- 
ethyl  p-tolyl  ketone  with  HCOOK  in  a  CH3OH  solution  had  a  m.p,  of  215-218"  after 
recrystallization  from  a  mixture  of  alcohol  and  benzene.  The  first  and  last 
batches  of  the  dllactolide  had  the  same  melting  point, 

0,0778  g  substance,  0,2127  g  CO2;  0,0561  g  H2O,  0,0891  g  substances 

0,2435  g  CO2;  0,0630  g  H2O,  0,1261  g  substances  0.1574  g  Agl.  0,1280  g 
substances  0,1598  g  Agl,  Found  C  7^»56,  7^»53;  H  8,07,  7»91|  CH3O 

16.4,  16,5,  CP2H28O4,  Computed  C  74ol6;  H  7.83;  OCH3  I7.I. 

Inasmuch  as  the  melting  point  of  the  resultant  dllactolide  was  lowered 
when  the  dllactolide  of  the  acetyl  isomer  was  added,  and  was  raised  when  the  di- 
lactolide  of  the  toluyl  Isomer  was  added^  it  follows  from  the  curve  that  the 
ketol  preparation  contained  20-25")^  of  p^tolylacetylcarbinol  and  80-751^  of  methyl- 
-  p  - 1  o  lu  y  1  c  ar  b  in  o  1 , 

6,4  g  of  this  ketol  mixtiure,  with  a  b,p,  of  110-111*  at  2  mm,  was  heated 
for  20  hours  over  a  boiling  water  bath  with  freshly  prepared  BaCOa  while  a  cur¬ 
rent  of  COp  was  continuously  passed  through  the  mixture.  The  usual  Isolation  of 
the  product  yielded  an  oily  liquid  which  was  covered  with  a  3'^  solution  of  HCl 
in  methanol.  The  resulting  cyclodimethyl  dllactolide  fused  at  226",  A  mixture 
with  the  dllactolide  of  methyl-p-toluylcarbinol  that  fused  at  23O*  had  a  m,p,  of 
227",  while  its  mixture  with  the  dllactolide  of  p-tolylacetylcarbinol  had  a  m,p, 
of  220“ ,  From  the  curve  we  see  that  this  means  that  the  product  secured  after 
isomerization  contained  90-95^  of  methyl-p-toluylcarbinol  and  10-5^  of  p-tolyl- 
acetylcarb Inol, 

The  preparation  that  consisted  mainly  of  p-tolylacetylcarbinol  (cf,  p, 

748)  was  heated  to  100*  for  20  hours  with  barium  carbonate  and  water,  with  con¬ 
stant  stirring  and  a  current  of  COp  passed  through  the  mixture.  The  substance 
recovered  after  appropriate  processing  was  fractionated  at  2  mm  pressure,  three 
fractions  being  collected?  88-93*,  93-98',  and  98-IO3* , 

The  action  of  semlcarbazide  acetate  yielded  a  considerable  amount  of  the 
disemicarbazide  of  a  diketone  —  acetyl-p-toluyl  —  with  a  m.p,  of  223-224",  from 
all  the  fractions,  especially  from  Fraction  1, 

Reacting  HCl  in  CH3OH  (3^)  with  Fractions  2  and  3  yielded  a  cyclodimethyl 
dllactolide  with  a  m,p,  of  227*;  a  test  sample  mixed  with  the  dllactolide  of 
p-tolyi.acetylcarbinol  fused  at  245*,  while  a  test  sample  mixed  with  the  dllacto¬ 
lide  of  methyl-p-toluylcarbinol  fused  at  223".  The  fusibility  curve  indicates 
that  the  lactolide  mixture  therefore  consisted  of  23-28^  of  methyl -p-toluylcarb- 
Inol  ati  72-77^  of  p-tblylacetylcarblnol;  this  was  confirmed  by  preparing  the 
appropriate  mixture. 
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SUMMARY 


1,  The  following  isomeric  aliphatic -aromatic  a-ketols  have  been  prepared, 
described  as  their  derivatives  and  investigated  for  the  first  time:  methyl-p- 
toluylcarbinol  and  p-tolylacetylcarblnol.  It  has  been  found  that  introducing  a 
methyl  group  at  the  para  position  in  the  phenyl  radical  of  aliphatic -aromatic 
a-ketols  changes  the  properties  of  these  ketols  compared  to  those  of  homologs 
with  unsubstituted  rings,  as  a  result  of  the  +I  and  +M  effects. 

2.  Of  the  two  isomeric  ketols,  the  more  stable  is  the  toluyl  isomer.  The 
isomeric  transformation  is  much  slower  than  in  the  methyl  phenyl  ketols.  The 
method  of  thermal  analysis  of  the  cyclodimethyl  dilactolides  has  been  employed 
for  the  first  time  to  determine  the  direction  and  extent  of  the  isomeric  trans¬ 
formations. 
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SYNTHESES  EMPLOYING  ZINC  CHLORIDE 


VI..  THE  USE  OP  METALLIC  ZINC  AND  ZINC  CHLORIDE  FOR  THE 
ALKYLATION  OP  AROMATIC  COMPOUNDS  OF  ALKYL  CHLORIDES 

Ao  R,  Kucharov 


On  the  assumption  that  ZnClg  must  he  an  extremely  active  catalyst  at  the 
instant  of  its  formatiofi,  we  made  a  study  of  several  alkylation  reactions  with 
n-C4H9Cl  and  C2H5CI  in  the  presence  of  zinc  dust  or  zinc  shavings  and  HCl. 

The  use  of  zinc  dust  as  a  catalyst  for  alkylation  reactions  has  been  known 
for  a  long  timej  this  method  preceded  the  Friedel-Crafts  s^mthesis.  Zinke  [1] 
and  other  authors  [2]  have  described  the  benzylation  of  many  aromatic  hydrocarb¬ 
ons}  some  papers  [3]  have  also  described  a  few  other  instances  of  an  alkylation 
reaction  in  the  presence  of  zinc  dust.  All  these  syntheses  have  been  effected 
by  prolonged  heating  with  considerable  quantities  of  zinc  dust  (l-2  mols  per  mol 
of  benzyl  chloride) . 

In  the  light  of  the  results  of  our  previous  research  [^]j  we  carried  out 
our  reaction  with  small  quantities  of  zinc  dust  (O.OI5-O.O3  mole  per  mole  of  the ^ 
alkyl  chloride).  The  mixture  of  reagents  with  the  catalyst  was  saturated  for  ® 
some  time  with  anhydrous  HCl  (about  0,1  mole  of  HCl  per  mole  of  the  alkyl  chlor¬ 
ide)  and  then  heated  for  5-8  hours  to  23O-25O*  in  an  autoclave.  The  reaction 
carried  out  at  I2O-I5O*  yielded  extremely  low  yields  of  the  alkyl  derivatives. 
Condensation  tests  made  without  any  HCl  produced  even  lower  yields. 

Monoalkyl  derivatives  are  produced,  with  yields  that  attain  JO-dO^fo  of  the 
theoretical  when  an  excess  of  the  aromatic  compound  is  reacted  with  the  n-C4H9Cl. 
Reactions  with  C2H5CI  gave  lower  yields  (50^) •  In  these  reactions  the  zinc  dust 
may  be  replaced  by  zinc  shavings  without  affecting  the  condensation  conditions 
or  the  yields  in  any  way.  Certain  new  condensations  using  ready  ZnCl2  proceed 
in  an  entirely  analogous  fashion. 

The  condensation  products  were  identified  by  their  constants  and  their 
analyses.  No  precise  det emanation  was  made  of  the  structure  and  position  of  the 
radical  in  the  aromatic  ring,  though  judging  by  their  constants,  we  believe  that 
reactions  with  n-C4H9Cl  yield  a  mixture  of  isomers  in  which  the  secondary  butyl 
derivatives  predominate.  Condensations  with  n-C4H9Cl  hardly  ever  occur  at  tem¬ 
peratures  below  180*,  though  we  know  that  tertiary  C4H9Br  alkylates  naphthalene 
at  8O-9O*  in  the  presence  of  ZnCl2,  [s].  It  may  therefore  be  supposed  that  in 
reactions  involving  n-C4H9Cl  alkylation  is  preceded  by  isomerization  to  secondary 
C4H9CI  via  the  formation  of  an  olefin  and  the  addition  of  HCl  to  the  latter. 

This  assumption  is  in  conformity  with  the  data. obtained  in  the  researches  of 
Favor sky  [e]  and  many  other  authors. 

EXPERIMENTAL 

The  reactions  were  carried  out  in  a  small  steel  acid-resistant  bomb, 


mounted  in  an  iron  housing  with  a  pocket  for  a  thermometer.  After  the  reaction 
was  over  and  the  bomb  had  cooled,  the  mixture  was  treated  with  water,  washed,  de¬ 
siccated,  and  fractionated. 

Benzene  and  n-butyl  chloride.  A  mixture  of  l8'ml  of  benzene,  9«2  g  of 
n-C4H9Cl,  and  0.2  g  of  zinc  dust  was  saturated  with  HCl  at  5°  until  its  gain  in 
weight  was  0.6  gj  then  it  was  heated  to  230-255'^  for  5  hours.  This  yielded;  10  g 
(7^.5^  of  the  theoretical)  of  a  butylbenzene  fraction  (l60-l80®)j  and  1.2  g  (6^) 
of  a  dibutylbenzene  fraction  (235-2^5*’)*  Repeated  distillations  yielded  butyl- 
benzene  with  a  b.p.  of  168-I72"  at  724  mmj  dfo  O.863O;  n^°  I.4896. 

Found  C  89. 20;  H  10. 25.  C10H14.  Computed  C  89o555  H  10.45. 

The  same  reaction  gave  a'  72^  yield  of  butylbenzene  when  0.2  g  of  zinc  shavings 
was  used. 

Toluene  and  n-butyl  chloride.  Used;  20  ml  of  toluene,  9<>2  g  of  n-C4H9Cl, 
and  0.1  g  of  zinc  dust;  0.5  g  of  HCl  was  passed  through.  Heating  lasted  5*5 
hours  at  225-230".  Fractions;  11,5  g  (76^)  of  butyltoluene  (l80-200");  and  I.5 
g  of  dibutyltoluene  (240-260°). 

The  butyltoluene  Isolated  had  a  b.p.  of  190-195°  at  720  mm;  dfo  O.865O; 
ng°  1.4908.  Found  C  89.40;  H  10. 65.  CiiHie-  Computed  C  89.19;  H  10. 81. 

-The  same /T-aactlon  yielueu  butyltoluene, _(8l^)  without,  any  polyalkyl  deriv¬ 
atives  when  an  excess  of  toluene  was  used. 

-Benzene  andiethyl  chloride.  Used:  I8  ml  of  benzene;  9*6  g  of  C2H5CI, 
and  0.2  g  of  zinc  dust;  0.4  g  of  HCl  was  passed  through.  Heating  lasted  5  hours 
at  245-250".  We  secured  a  mixture  of  mono-  and  diethylbenzenes  (120-200*),  total 
ling  10.5  go  The  crude  product  yielded  5  g  (32^)  of  ethylbenzene.  The  ethylbenz 
ene  had  a  b.p.  of  I32-I36"  at  722  mm;  dfg  0.8730;  ng°  1.4945. 

Found  C  90.45;  H  9.25.  CeHio-  Computed  C  90. 56;  H  9.43. 

Naphthalene  and  n-butyl  chloride.  Used;-  12.8  g  of  naphthalene,  9.2  g  of 
n-C4H9Cl,  and  0.2  g  of  zinc  dust;  0.35  g  of  HCl  was  passed  through.  Heating 
lasted  6  hours  at  I8O-I9O" .  After  the  reaction  was  over,  the  excess  naphthalene 
was  driven  off  with  steam.  The  oily  reaction  product  left  in  the  distilling 
flask  was  separated  from  the  water,  washed,  desiccated  with  CaCls,  and  fraction¬ 
ated.  This  yielded  11.0  g  (60^)  of  butylnaphthalene;  and  2.5  g  of  dibuty Inaphtha 
lene. 

The  butylnaphthalene  (its  structure  was  not  established)  had  a  b.p.  of  2/6 
285"  at  722  mm;  dig  O.978O;  n^^  I.571O. 

Found  C  91ol5;  H  8.55.  C14H16.  Computed  C  91.30;  H  8.7O. 

Tetralin  and  n-butyl  chloride.  Used;  13.2  g  of  tetralin,  9.2  g  of 
n-C4H9Cl,  0.1  g  of  zinc  dust,  and  0.4  g  of  HCl.  Heating  lasted  7’5  hour's  at  18O- 
200".  This  yielded  12.5  g  (66.5'5^)  of  butyltetralin  and  2.2  g  of  polyalkyl  derive, 
tives.  The  butyltetralin  [’7]  was  isolated;  it  had  a  b.p.  of  265-27O"  at  724  mm; 

dig  0.9385;  n|o  1.5300. 

Found  C  90.00;  H  10.48.  C14H20.  Computed  C  89.36;  H  10.64. 

Carrying  out  the  reaction  with  ZnCl2  also  gave  satisfactory  results.  The  yield 
of  butyltetralin  was  60^  of  the  theoretical. 

Bromobenzene  and  butyl  chloride.  Used;  16  g  of  broraobenzene  (b.p,  152"),  , 
9.2  g  (0,1  mole)  of  n-C4HgCl,  and  3.4  g  (O.O25  mo3e)  of  ZnCl2.  The  mixture  was 
heated  to  230-240"  for  8  hours.  This  yielded  8.7  g  (40.6^)  of  butylbromobenzene 
(a  mixture  of  Isomers)  and  1.8  g  of  polyalkyl  derivatives.  Fractionation  yielded 
a  product  that,  judging  by  its  physical  constants  [s],  was  secondary  butylbromo¬ 
benzene,  with  a  b.p.  of  228-234";  dig  I.225I;  n|°  1,5430. 
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Phenol  and  butyl  chloride o  Useds  l8=8  g  (0,2  mole)  of  phenol,  9° 2  g  (O.l 
mole)  of  n-C4H9Cl,  0=2  g  of  zinc  dust,  and  0=2  g  of  HC1=  Heating  lasted  5  hours 
at  180-200".  After  the  reaction  product  had  been  decomposed  with  acidulated  water, 
the  mixture  was  extracted  with  ether,  and  the  ether  extract  was  treated  repeatedly 
with  5^  NaOH  to  extract  the  phenols.  The  alkaline  solution  was  acidified  and  ex¬ 
tracted  with  ether.  This  g^ve  10.6''g  (7Q"6^) -butylphenols,  2.2  g  of  the  butyl  ether 
of  butylphenol  (b.p.  245-255“  af  722  mm),  and  4  g  of  the  original  phenol.  Fraction 
atlon  of  the  crude  butylphenol  (b.p.  220-245“)  yielded  two  fractions?  secondary 
butylphenol  [s],  with  a  b.p,  of  230-235“ 5  ^20  0=97505  lo5175« 

Found  C  79o8l5  H  9o22.  C10H14O.  Computed  C  80,00^  H  9»35, 

and  secondary  (para)  butylphenol  [s],  with  a  b.p.  of  240-245“ 5  dio  O.978O5 

ngo  1.5185. 

Phenetole  and  butyl  chloride.  Used?  12  g  of  phenetole,  9»2  g  of  n-C4HgCl, 
and  3o4  g  of  ZnClg.  The  mixture  was  heated  for  5  hoiirs  to  I8O-I85*.  This  yielded 
6  g  (60^  of  the  theoretical,  based  on  the  phenetole  used  in  the  reaction)  of 
butylphenetole,  5  g  of  "the  original  phenetole,  and  2  g  of  phenol.  The  secondary 
butylphenetole  had  a  b.p.  of  228-235“ 5  dfS  0=9476;  ng°  1.4958= 

Found  C  8O.6I;  H  10. 25.  CigHisO.  Computed  C  8O.9O;  H  10.11. 


Con^oasatlon  of  toluene  with  n-butyl  chloride  in  the  presence  of  zinc. 
Used:  iH  m],  of  toluene,  10"  ml  of  h-04H9Cl,  and  0.2  g  of  zinc  shavings.  The  mix¬ 


ture  was  heated  for  4  hours  in  the  bomb  to  225-235“=  This  yielded  6  g  (50^)  of 
butyltoluene  with  a  b.p.  of  185-195*5  dfS  0.8692;  ng°  1.4915= 


The  authort wishes  to  express  his  thanks  to  Prof.  I.P.Zukervanik  for  his 
assistance  and  counsel  during  the  performance  of  this  research. 

SUMMARY 

1.  It  has  been  shown  that  it  is  possible  to  employ  small  quantities  of 
zinc  and  HCl  for  the  alkylation  of  various  aromatic  compounds  with  alkyl  chlor¬ 
ides. 

2.  The  optimum  reaction  temperatures  lie  between  200  and  25O";  the  yield 

of  alkyl  derivatives  is  of  the  theoretical. 

3«  The  reactions  apparently  involve  isomerization  of  the  alkyl  chloride 
radical. 
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THE  REACTION  OP  ETHYLENE  SULFIDE  WITH  AMINES 


G  I„  Braz 


During  recent  years  the  attention  of  an  increasing  number  of  researchers 
has  been  attracted  to  the  N-substituted  3-aminoethanethiols .  Two  methods  are 
ordinarily  employed  to  synthesize  these  compounds,  one  involving  the  reaction  of 
aminoethyl  halides  with  hydrosulfides  of  the  alkali  metals  [i],  and  the  other 
being  based  upon  the  condensation  of  aminoethyl  halides  with  thiourea  [2],  It 
is  only  recently  that  Snyder  and  his  associates  [4],  starting  from  ethylene, 
propylene.  Isobutylene,  and  cyclohexene  sulfides  and  making  use  of  the  reactions 
between  alkylene  sulfides  and  amines  described  in  1936  in  patent  form  [3],  which 
may  be  represented  by  the  following  equations 

CH2-CH2 

RR'NH  +  RR'NCH2CH2SH, 

where  R’ -  H  or  a  radical,  synlhesized  a  number  of  new  amino  thiols  and  demonstra¬ 
ted  that  this  is  a  general  reaction^  No  matter  what  the  nature  of  the  amine  or 
the  alkylene  sulfide  used,  these  American  authors  performed  the  reaction  under 
standard  conditions,  as  follows:  a  mixture,  usually  of  equimolar  amounts  of  the 
alkylene  sulfide  and  the  amine,  was  heated  to  a  temperature  of  some  100*  for 
16-I8  hours.  Using  such  severe  conditions  does  not  seem  to  be  indispensable,  es¬ 
pecially  when  ethylene  sulfide  is  used,  and  it  may  be  undesirable  or  even  im¬ 
practicable  in  certain  cases  for  one  reason  or  another.  Moreover,  it  is  impos¬ 
sible  to  Ignore  the  polymerization  of  more  or  less  of  the  ethylene  sulfide  that 
always  takes  place  under  the  experimental  conditions,  competing  with  the  addition 
of  the  ethylene  sulfide  to  the  amine. 


In  this  connection  we  describe  below  observations  we  made  in  our  study  of 
this  reaction,  using  ethylene  sulfide,  before  the  publication  of  the  paper  by 
Snyder  and  his  associates.  These  observations  enable  one  to  select  the  conditions 
to  be  employed  in  producing  various  P-aminoethanethiols  by  the  foregoing  method, 
depending  upon  the  nature  of  the  primary  or  secondary  amine  employed. 

Deleplne  [s]  was  the  first  to  make  an  attempt  to  secure  amlnothiols  by  the 
use  of  ethylene  sulfide.  Owing  to  the  very  marked  tendency  of  ethylene  sulfide 
to  polymerize,  Delepine  was  able  to  secure  nothing  but  solid  polymers  containing 
a  very  low  percentage  of  nitrogen  when  he  reacted  ethylene  sulfide  with  aqueous 
or  alcoholic  ammonia. 

As  we  might  expect,  ethylene  sulfide  behaves  similarly  with  diethylamine. 
When  freshly  distilled  ethylene  sulfide  is  added  at  room  temperature  to  a  solu¬ 
tion  of  diethylamine  .in  methanol,  a  white  precipitate  of  polymeric  compounds  con¬ 
taining  no  nitrogen  begins  to  settle  out  within  a  few  minutes,  the  precipitation 
being  complete  within  a  few  hours.  The  polymerization  of  even  small  quantities 
of  ethylene  sulfide  under  these  conditions  is  so  obvious  and  so  complete  that 
this  reaction  may  be  recommended  for  its  quantitative  determination. 


We  know  that  ethylene  sulfide  is  unstable,  gradually  being  transformed  into 
polymers  even  when  stored  under  standard  conditions.  But  the  polymerization  of 
ethylene  sulfide  is  incomparably  faster  in  the  presence  of  diethylamine  in  meth¬ 
anol,  comparable  to  what  takes  place  when  a  solution  of  alkali  is  added.  It  would 
seem  to  be  obvious  that  such  rapid  polymerization  of  ethylene  sulfide,  as  a  result 
of  which  it  escapes  from  a  reaction  with  diethylamine,  is  due  to  the  presence  of 
an  ionizing  solvent.  And,  indeed,  when  ethylene  sulfide  is  reacted  with  an  excess  of 
diethylamine  at  room  temperature  for  4  days,  with  no  methanol  present,  polymers 
are  formed,  true  enough,  but  they  total  only  20^  by  weight  of  the  ethylene  sulfide 
used.  What  is  more,  we  are  able  to  recover  the  previously  described  3-diethyl- 
aminoe  thane  thiol  from  the  reaction  solution,  its  yield  being  kVjo  of  the  theoret¬ 
ical,  based  on  the  ethylene  sulfide.  When  the  reaction  is  carried  out  in  absolute 
ether  or  benzene,  the  polymerization  of  the  ethylene  sulfide  is  suppressed  prac¬ 
tically  completely,  and  the  yield  of  the  aminothiol  increases  appreciably.  When 
0.1  mol  of  ethylene  sulfide  is  added  to  0.2  mol  of  diethylamine  in  20  ml  of  abso¬ 
lute  ether,  for  instance,  and  the  solution  is  allowed  to  stand  for  4  days,  the 
yield  of  3-diethylaminoethanethiol  is  55-57^  after  fractionation  in  vacuum  in  a 
current  of  nitrogen.  Lastly,  accelerating  the  reaction  by  heating  the  solution 
to  100“  makes  it  possible  to  attain  an  even  more  complete  addition  of  the  ethyl¬ 
ene  sulfide  to  the  diethylamine  within  as  little  as  2  hours.  The  yield  of  the 
die thy laminoethane thiol  is  this  yield  rising  no  higher  when  heating  is 

prolonged  beyond  that  time. 

Ethylene  sulfide  reacts  smoothly  with  other  amines  that  are  strong  and 
medium- strength  bases  under  analogous  conditions,  i.e.,  heating  to  about  100*  for 
2  hours  in  a  solution  of  absolute  benzene.  These  amines  include:  dl-lsoamylamine, 
n-hexylamlne,  diallylamlne ,  N,N-diethylethylenediamine,  benzylamine,  and  morpho¬ 
line,  the  products  comprising  the  corresponding  3-aniinoethanethiols  substituted 
at  the  nitrogen  atom. 

When  ethylene  sulfide  is  heated  in  a  benzene  solution  with  as  weak  a  base 
as  aniline,  the  reaction  is  quite  incomplete  when  carried  out  under  the  condi¬ 
tions  specified  above,  much  of  the  ethylene  sulfide  remaining  unchanged,  as  may 
be  readily  proved  by  means  of  the  following  test:  1  ml  of  the  benzene  fraction 
of  the  reaction  solution,  driven  off  over  a  water  bath  in  a  current  of  nitrogen, 
is  mixed  with  an  equal  volume  of  diethylamine  and  2-5  ml  of  methanol  and  then 
boiled  for  a  few  minutes j  a  bulky  precipitate  of  the  polymerization  products  of 
ethylene  sulfide  soon  begins  to  settle  out.  We  later  learned  that  only  a  small 
part  of  the  ethylene  sulfide  polymerizes  when  mixed  with  an  excess  of  aniline, 
even  when  no  inert  solvent  is  present.  Fractionation  of  such  a  solution  in  a 
current  of  nitrogen  after  it  had  stood  for  5  days  at  room  temperature  produced  a 
yield  of  60^  of  3-pbeny laminoethane thiol.  The  same  result  may  be  achieved  by 
heating  1  mol  of  ethylene  sulfide  with  2  mols  of  aniline  to  100*  for  as  little  as 
2  hours.  Fractionation  of  the  reaction  solution  yields,  in  addition  to  the  phenyl- 
aminoethanethiol,  a  small  quantity  of  a  substance  that  is  the  product  of  the  re¬ 
action  of  2  mols  of  ethylene  sulfide  with  aniline,  to  judge  by  its  percentage  of 
sulfur.  The  results  of  potentiometric  determination  of  the  sulfhydryl  group  in 
this  compound  justifies  our  assuming  that  it  is  3-phenylaminoethyl-3-mercapto- 
ethyl  sulfide,  C6H5NHCH2CH2SCH2CH2SH.  Snyder  and  his  associates  [4]  ascribe  the 
structure  of  a  di- (3-mercaptoethyl) -aniline  to  this  compound,  though  they  advance 
no  proof  of  this  assertion. 

The  reaction  between  ethylene  sulfide  and  aniline,  in  contrast  to  the  re¬ 
action  with  diethylamine,  may  be  performed  even  in  an  ionizing  solvent  with  satis¬ 
factory  results. 

The  aminothlols  described  in  the  present  paper  are  colorless,  transparent 
liquids  with  a  disgusting  odor,  which  mix  with  the  usual  organic. solvents  and 
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undergo  rapid  changes  when  exposed  to  atmospheric  oxygen.  Some  of  the  synthesized 
aminothiols  were  converted  into  hydrochlorides  for  further  identification. 

E.N.Markacheva  assisted  in  this  research. 

EXPERIMENTAL 

Ethylene  sulfide  [o].  A  solution  of  90  g  of  potassium  thiocyanate  in  an 
equal  quantity  of  water  was  placed  in  a  350  ml  three-necked  flask  fitted  with  a 
thermometer,  a  mechanical  stirrer,  and  .a  gas-supply  tube,  and  an  even  stream  of 
ethylene  oxide  was  passed  through  the  mixture  for  ^  hours  at  -5  to  -7“^  with  cons¬ 
tant  stirring  until  the  contents  of  the  flask  had  gained  70  g  in  weight.  The  con¬ 
tents  were  then  stirred  at  the  same  temperature  for  another  5  hours.  The  trans¬ 
parent  reaction  solution,  which  had  "begun  to  layer  toward  the  end  of  this  period, 
was  set  aside  to  stand  at  0  to  +3°  until  the  following  morning,  3-^  drops  of  benz¬ 
ene  thiol  having  first  been  added  to  stabilize  the  ethylene  sulfide  [t"].  Then  the 
liquid  was  decanted  from  the  precipitate  produced  with  potassium  cyanide,  filter¬ 
ing  the  liquid  if  necessary  to  remove  suspended  particles,  and  the  considerably 
Increased  top  layer  was  separated  and  washed  three  times  with  a  20^  solution  of 
sodium  chloride,  using  ^5  ml  of  the  salt  solution  for  each  washing.  A  few  drops 
of  benzenethiol  were  again  added  to  the  crude  ethylene  sulfide  thus  processed, 
and  it  was  desiccated  above  calcium  chloride  and  fractionated  into  a  25-cm  her¬ 
ringbone  dephlegmator,  the  53 *5-55°  fraction  being  collected.  The  yield  of  ethyl¬ 
ene  sulfide  totaled  23.3  S)  or  about  ‘^0'^  of  the  theoretical.  The  ethylene  sulfide 
prepared  in  this  manner  remained  transparent  for  days.  To  keep  the  ethylene 
sulfide  for  a  longer  time,  say  a  month  or  so,  the  freshly  prepared  substance  must 
be  stabilized  by  adding  1  drop  of  benzenethiol  to  every  6  g  or  by  dissolving  it 
in  2,5  times  its  volume  of  benzene.  The  benzene  solution  may  then  be  used  for  re¬ 
search.  The  potassium  cyanate  produced  in  the  reaction,  contaminated  with  poly¬ 
meric  sulfur  compounds,  weighed  about  20  g  after  being  washed  with  alcohol  and 
desiccated. 


3 - Diet hylaminoethane thiol ,  A)  6  g  (O.l  molj  of  ethylene  sulfide  was  added 
to  a  mixture  of  20,5  nil  (0,2  mol)  of  diethylamlne  and  20  ml  of  absolute  ether, 
chilled  with  ice  water,  and  allowed  to  stand  at  room  temperature  for  4  days. 
During  this  time  a  small  quantity  of  colorless  polymers  gradually  settledi.out  of 
the  initially  transparent  reaction  solution.  The  solution  was  transferred  to  a 
Claisen  flask  connected  to  a  short  herringbone  dephlegmator  and  fractionated  in 
a  current  of  nitrogen,  fractionation  being  done  in  vacuum  toward  the  end.  The 
6I-65®  fraction  at  23  mm  was  dlethylamlnoethanethiol.  The  yield  was  7*6  g,  or 
57'^  of  the  theoretical,  based  on  the  ethylene  sulfide.  When  redistilled  nearly 
all  the  dlethylamlnoethanethiol  distilled  over  at  55*  (l7  mm);  n^°  1,4665. 

0.2769  g  substance:  0.4845  g  BaS04,  Found  S  24.0.  CeHisNS. 

Computed  S  24.07. 

B)  a  water-chilled  solution  of  6  g  of  ethylene  sulfide  in  I5  ml  of  abso¬ 
lute  benzene  was  mixed  with  20  ml  of  diethylamlne  in  10  ml  of  benzene,  placed  in 
a  tube  that  was  sealed,  and  heated  to  about  100*  in  a  furnace  for  2  hours.  The 
next  day  the  reaction  solution  was  decanted  from  the  thin  polymer  film  that  ad¬ 
hered  to  the  walls  of  the  tube  and  fractionated  in  a  current  of  nitrogen. 

The  yield  of  dlethylamlnoethanethiol,  collected  at  64-65“  (24  mm),  was 

10,7  g,  or  80^, 

P-Di-isoamylamlnoethanethlol,  6  g  of  ethylene  sulfide  was  chilled  and 
poured  into  a  chilled  solution  of  31 -4  g  of  di-lsoamylamine  (b.p,  184-190“ )  in 
25  ml  of  absolute  benzene,  placed  in  an  autoclave  made  of^Yal-T  steel,  with  a 
capacity  of  100  ml,  and  heated  for  2  hours  over  an  oil  bath  whose  temperature 
was  about  100“ .  The  next  day  the  reaction  mixture  was  fractionated  in  vacuum  in 
a  current  of  nitrogen.  The  yield  of  di-lsoamylaminoethanethiol,  collected  at 


100-110®  and  4  mm,  totaled  l4.1  g,  or  65^.  The  di-isoamylamlnoethanethiol  was 
redistilled  for  analysis. 

B.p.  104-105°  at  5  mm;  df^  O.8659;  n§°  l,46ll;  MRd  68.82;  computed  69.25. 

0.1985  g  substance:  0,2129  g  BaS04o  Found  S  l4,74. 

Computed  S  14,76, 

1  g  of  pure  di-isoamylaminoethanethiol  was  dissolved  in  I5  ml  of  anhydrous 
ether,  and  0,8  ml  of  a  25^  solution  of  HCl  in  absolute  alcohol  was  added  to  the 
solution,  which  was  chilled  with  ice  water.  The  hydrochloride  precipitate  was 
filtered  out  1  hour  later,  dried  in  vacuum,  and  recrystallized  from  ethyl  acetate. 
Colorless  prisms  with  a  m.p.  of  107-109"o 

0.1182  g  substance:  0,0667  g  AgCl,  Found  Cl  13.96, 

C12H28NCIS.  Computed  Cl  13.97. 

3-n-Hexylamlnoethanethiol,  6  g  of  ethylene  sulfide  in  I5  ml  of  absolute 
benzene  was  chilled  and  added  to  a  chilled  solution  of  20.2  g  of  n-hexylamlne 
in  10  ml  of  absolute  benzene;  the  mixture  was  placed  in  a  100-ml  steel  autoclave 
and  heated  for  2  hours  over  an  oil  bath  whose  temperature  was  about  100* .  The 
yield  of  hexylaminoethanethiol,  collected  at  95-190*’  ^  mm,  totaled  9.^  g;  or 

58^,  The  pure  substance  had  a  b,p,  of  102-103"  at  9  mm, 

df°  0,8937;  1,4700;  MEj)  50,335  computed  5O.43. 

0.2232  g  substance:  0,3264  g  BaS04;  Found  °joi  S  20.08. 

CeHigNS.  Computed  S  I9.89. 

1,6  g  of  hexylaminoethanethiol  was  dissolved  in  20  ml  of  anhydrous  ether, 
chilled,  and  an  18,5^  solution  of  HCl  in  absolute  alcohol  was  added  until  the 
whole  reacted  acid  to  Congo  red.  The  resultant  precipitate  was  recrystallized 
from  absolute  alcohol.  Silvery  lamellae  with  a  decomp,  temp,  of  260-26l°  (6° 
per  minute), 

0,0605  g  substance:  3.09  ml  0,1  N  AgNOa,  Found  Cl  18.II. 

CsBsoNClS.  Computed  Cl  17.9^. 

g-Diallylaminoethane thiol .  6  g  of  ethylene  sulfide  was  heated  with  19-4 

g  of  diallylamine  (b,p,  108-112*)  and  25  ml  of  absolute  benzene  under  the  condi¬ 
tions  specified  for  the  synthesis  of  the  di-isoamylaminoethanethiol.  The  yield 
of  the  diallylaminoethanethiol,  collected  at  83-87*  and  l4  mm,  ranged  from  63  to 
74^.  The  pure  substance  had  a  b.p,  of  83-84*  at  l4  mm, 

df^  0,9411;  n|°  1,4970;  MBp  48.87;  computed  49.84. 

0,1695  g  substance:  0,2502  g  BaS04.  Found  S  20,27. 

CqHisNS.  Computed  S  20,40. 

N, N-Diethyl-N' -g-mercaptoethylethylenediamine .  23-2  g  of  N,N-dlethyl- 

ethylenediamine  was  chilled  and  mixed  with  6  g  of  ethylene  sulfide  in  25  ml  of 
chilled  absolute  benzene.  The  resulting  solution,  which  soon  began  to  grow  cloudy 
even  at  room  temperature,  was  heated  to  IOO-IO5*  for  2  hours  in  two  sealed  am¬ 
poules,  In  contrast  to  the  results  secirred  when  the  reaction  was  carried  out  un¬ 
der  the  same  conditions  but  using  other  amines,  the  reaction  solution  contained 

a  considerable  quantity  of  polymer  compounds.  Fractionation  in  a  current  of 
nitrogen  in  vacuum  yielded  8,2  g,  or  40^  of  N,N-diethyl"N' -3-mercaptoethylethyl- 
enediamine,  which  distilled  at  92-97"  and  5  mm.  The  aminothiol  was  redistilled 
for  analysis, 

B.p,  92-93*  at  5  mm;  df®  0,9264;  n|°  1.4795^  53-995  computed  54.38, 

O, 1823  g  substance:  0.2370  g  BaS04.  0.0206  g  substance;  11. 5  ml  0.01  N 
AgNOa  (potent lometrlcally)  [8].  Found  S  17-85;  S  in  the  SH  group  I7.9O. 

CsHgoNgS.  Computed  S  18,19. 
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It  should  be  noted  that  in  one  of  the  tests,  when  the  N,N-diethylethylene 
diamine  was  mixed  with  the  ethylene  sulfide  in  a  tube  at  0®  with  no  inert  solvent 
present,  sudden  polymerization  set  in  after  the  tube  was  sealed  and  the  solution 
had  reached  room  temperature,  accompanied  by  the  evolution  of  considerable  heat. 

We  were  unable  to  recover  the  expected  N,N-dlethyl-N' -|3-mercaptoethylethylenediam- 
ine  from  the  reaction  mixture  after  heating  for  2  hours  at  100*. 

When  N,N-diethyl-N' -3-mercaptoethylethylenediamine  was  dissolved  in  anhydrous 
ether  and  a  solution  of  hydrogen  chloride  in  absolute  ethyl  alcohol  was  added,  we 
secured  a  semisolid  substance  that  did  not  crystallize. 

3-Benzylamlnoethanethiol „  This  was  synthesized  under  the  same  conditions 
as  those  described  above  for  di-isoamylaminoethanethiol.  The  yield  was  68^. 

Bop.  121-123®  at  6  mm|  d|°  I0O565J  ng°  l,56l4;  MRj^  51.28.  Computed  51,46. 

0.1930  g  substance:  O.2687  g  BaS04.  Found  S  19 oil*  C9H13NS.  Computed 

iot  s  19.-18, 

The  hydrochloride  of  the  benzylaminoethanethlol,  prepared  by  adding  an 
alcoholic  solution  of  HCl  to  an  ether  solution  of  the  amlnothiol,  was  recrystal¬ 
lized  from  aqueous  alcohol,  after  which  it  consisted  of  colorless  prisms  that 
fused  at  26O-261®  (6®  per  minute)  with  decomposition  and  preliminary  darkening. 

0.1342  g  substance:  0.0934  g  AgCl.  Found  Cl  17»22. 

CgHi4NClS.  Computed  Cl  17.4l. 

3-Phenylamlnoethanethiolo  6  g  of  ethylene  sulfide  was  mixed  with  I8.6  g 
of  aniline,  and  the  resulting  solution  was  allowed  to  stand  for  5  days  at  room 
temperature.  Toward  the  end  of  this  time  an  extremely  small  quantity  of  polymer 
compounds  settled  out  of  the  transparent  solution.  Fractionation  in  vacuum  in 
a  current  of  nitrogen  yielded  9«3  or  60^,  of  phenylamlnoethanethiol,  collected 
at  141-151“  and  14-15  mm.  The  phenylamlnoethanethiol  may  be  prepared  with  the 
same  yield  by  heating  1  mol  of  ethylene  sulfide  with  2  mols  of  aniline  to  100® 
in  an  autoclave  for  2  hours. 

B.p,  138-139’  at  12  mmj  df®  l.lOllj  ng°  I.6057. 

0.2102  g  substance:  0,3l47  g  BaS04.  9*049  mg  substance:  6.0  ml  0.01  N 

H2SO4  (Kjeldahl).  Found  S  20. 655  N  9.28, 

CsHiiNS.  Computed  S  20. 935  N  9ol5<. 

Fractionation  of  the  reaction  solution  yielded  a  small  quantity  of  a 
fraction  with  a  much  higher  boiling  point,  in  addition  to  the  phenylamlnoethane¬ 
thiol.  We  were  able  to  isolate  a  thick,  oily  substance,  with  a  b.p.  of  182-I85® 
at  4  mm,  by  repeated  distillation  in  nitrogen  of  this  fraction,  accumulated  in 
a  number  of  tests.  The  analysis  data  indicate  that  this  substance  is  3-phenyl- 
amlnoethyl-3' -mercaptoethyl  sulfide,  C6H5NHCH2CH2SCH2CH2SH. 

0.1895  g  substance:  0,4103  g  BaS04.  O.O385  g  substance:  l8,26  ml  0,01  N 

AgNOa  (potentlometrlcally) .  Found  S  29.735  S  in  SH  group  I5.2I. 

C10H15NS2.  Computed  S  30*075  S  in  SH  group  I5.O3. 

Condensation  of  the  phenylamlnoethanethiol  with  2,4-dinltrochlorobenzene 
in  absolute  alcohol  with  sodium  hydroxide  [9]  yielded  3-phenylaminoethyl-2,4- 
dlnitrophenyl  sulfide,  which  had  a  m.p.  of  168.5-189*5*  after  recrystallization 
from  Isoamyl  alcohol  (l:175). 

3.443ng  substance:  6. 721  mg  CO25  1*271  mg  H2O.  Found  C  53*235  H  4.13. 

C14H13O4N3S.  Computed  p.  C  52.64;  H  4.10. 

3-Morphollne-ethanethlol.  6  g  of  ethylene  sulfide,  chilled,  was  added  to 
a  chilled  solution  of  17.4  g  of  morpholine  in  25  ml  of  anhydrous  benzene,  the 


resultant  solution  was  placed  in  a  lOO-ml  steel  autoclave  and  heated  for  2  hours 
over  an  oil  bath  whose  temperature  was  about  100“ .  Fractionation  in  a  current  of 
nitrogen  yielded  12.2  g,  or  Q3lo,  of  morpholine-ethanethiol,  collected  at  73-80* 
and  4  mm.  The  aminothiol  was  redistilled  for  analysis. 

B.p.  77-79*  at  5  mm;  d|°  I.067O;  n|°  I.5O53;  MRd  40.80.  Computed  40.98. 

0.2010  g  substance:  O.3132  g  BaS04.  0.0272  g  substance:  17.75  nil  0.01  N 

AgNOa,  (potentiometrically) .  Found  S  21.39j  S  in  the  SH  groups  20.92. 

CeHiaONS.  Computed  S  21.78. 

1,5  g  of  morpholine-ethanethiol  was  dissolved  in  20  ml  of  anhydrous  ether, 
chilled  with  ice  water,  and  an  approximately  20^  solution  of  HCl  in  absolute 
alcohol  was  added  until  the  reaction  of  the  mixture  was  acid  with  Congo  red.  The 
precipitate  that  settled  was  washed  with  anhydrous  ether  and  desiccated.  It 
weighed  2  g;  m.p.  148-152“.  The  hydrochloride  had  a  m.p.  of  150-152“  after  a 
single  recrystallization  from  an  alcohol-ether  mixture.  Repeating  the  recrystal¬ 
lization,  however,  caused  the  melting  point  to  rise  sharply  to  211-223*.  This 
seems  to  Indicate  that  recrystallization  of  the  aminothiol  hydrochloride  involved 
its  oxidation  to  a  disulfide. 

0.1393  0.1359  g  substance:  O.IO95  g^  O.IO6O  g  AgCl.  Found 

Cl  19.44,  19.30.  C6H14ONCIS.  Computed  Cl  19.31 

C12H26O2N2CI2S2.  Computed  Cl  19.42. 

SUMMARY 

1.  When  ethylene  sulfide  is  reacted  with  primary  and  secondary  amines, 
formation  of  an  aminothiol  competes  with  ^polymerization  of  the  ethylene  sulfide. 

2.  Ethylene  sulfide  is  polymerized  completely  in  the  presence  of  a  solu¬ 
tion  of  an  amine  that  is  a  strong  base  in  an  ionizing  solvent,  thus  evading  a 
reaction  with  the  amine. 

5.  It  is  advisable  to  carry  out  the  reaction  in  an  indifferent  solvent  in 
order  to  suppress  the  polymerization  of  ethylene  sulfide  in  the  reaction  with 
primary  or  secondary  amines  that  are  strong  or  medium- strength  bases. 

4.  Only  a  minute  percentage  of  the  ethylene  sulfide  is  polymerized  in 
the  presence  of  a  base  as  weak  as  aniline.  The  addition  of  ethylene  sulfide  to 
aniline  takes  place  smoothly  at  room  temperature  or  when  heated,  provided  no 
indifferent  solvent  is  present. 
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THE  MECHANISM  OP  THE  OXIDATION  OP  ORGANIC  COMPOUNDS 


BY  SELENIUM  DIOXIDE 

XII.  THE  OXIDATION  OP  NAPHTHYLACETONITRILE 
AND  THE  ESTERS  OP  NAPHTHYLACETIC  ACID 

N.  N.  Melnikov  and  Yu  A.  Baskakov 

As  we  know,  employing  selenium  dioxide  to  oxidize  various  classes  of  org¬ 
anic  compounds  has  yielded  many  interesting  results  of  general  and  preparative 
importance » 

By  now  studies  have  been  made  of  the  oxidation  of  a  large  number  of  organic 
compounds  with  this  oxidant  A  specific  feature  of  selenium  dioxide  as  an 

oxidizing  agent  is  its  action  upon  a  methyl  or  methylene  group  attached  to  a 
radical  activated  by  the  ionization  of  hydrogen.  The  carbonyl  group  exerts  the 
greatest  effect,  that  of  an  aromatic  hydrocarbon  radical  or  of  radicals  of  hetero¬ 
cyclic  nitrogen  compounds  being  much  weaker,  so  that  the  latter  two  classes  of 
compounds  are  oxidized  at  higher  temperatures  [i“9].  In  the  light  of  this,  we 
were  interested  in  making  a  study  of  the  selenium-dioxide  oxidation  of  the  nit¬ 
riles  of  acids  that  ought  to  occupy  an  Intermediate  position  between  carbonyl 
compounds  and  heterocyclic  nitrogen  compounds  according  to  the  activity  of  the 
hydrogen  atoms  in  their  a-methylene  group.  We  used  a-naphthylacetonitrile  in 
our  study  of  this  reaction,  as  it  is  a  readily  available  compound  and  is  easily 
prepared  from  naphthyl chlorome thane .  We  also  ran  tests  on  oxidizing  the  methyl 
and  ethyl  esters  of  naphthylacetlc  acid  and  naphthylchloromethane  with  seleniiim 
dioxide.  These  tests  indicated  that  naphthylacetonltrile  is  oxidized  violently 
at  about  l80“,  the  principal  reaction  product  being  a  nitrile  of  naphthoylformic 
acid,  i.e.,  the  reaction  is  as  follows? 

C10H7CH2CN  +  Se02  =  C10H7COCN  +  Se  +  H2O. 

In  addition  to  the  nitrile  of  naphthoylformic  acid,  a  certain  amount  of 
naphthoic  acid  is  formed;  this  is,  apparently, . a  by-product  resulting  from  the  • 
hydrolysis  of  the  nitrile  of  naphthoylformic  acid  by  water: 

C10H7COCN  +  H2O  =  C10H7COOH  +  HCN. 

Despite  the  existence  of  this  side  reaction,  the  yield  of  the  nitrile  of  naphthoyl¬ 
formic  acid  is  more  than  60^,  based  on  the  naphthylacetonltrile  placed  in  the  re¬ 
action,  so  that  this  may  be  employed  as  a  preparative  reaction.  The  esters  of 
naphthylacetlc  acid  are  oxidized  similarly,  the  principal  reaction  products  being 
esters  of  naphthoylformic  acid  (the  yield  exceeding  70^),  with  a  trace  of  naphth¬ 
oic  acid; 

C10H7CH2COOR  +  Se02  =  C10H7COCOOR  +  H2O  +  Se. 

We  were  unable  to  Isolate  the  individual  products  of  the  reaction  between 
naphthylchloromethane  and  selenium  dioxide,  inasmuch  as  tarring,  with  molecular 
condensation,  set  in,  even  at  low  temperature. 


EXPERIMENTAL 


1.  Oxidation  of  a-naphthylacetonitrlle.  11 »!  g  of  freshly  sublimed  selen¬ 
ium  dioxide,  ground  to  a  fine  powder,  was  added  to  16.7  g  of  a-naphthylacetonit- 
rile,  and  the  mixture  was  heated,  with  stirring,  in  a  flask  with  a  reflux  conden¬ 
ser,  over  a  metal  bath.  When  the  bath  temperature  reached  I80® ,  a  violent  reac¬ 
tion  set  in,  with  foaming.  After  the  violent  reaction  had  subsided,  the  reaction 
mixture  was  heated  to  l80-200“  for  another  20  minutes.  Hydrocyanic  acid  was  evolv¬ 
ed  during  the  reaction,  as  was  proved  by  appropriate  reactions.  The  reaction  mass 
was  cooled,  50  ml  of  ether  was  added,  and  the  selenium  was  filtered  out.  The 
selenium  was  washed  with  water  and  desiccated,  the  yield  being  6  g  (78^).  The 
ether  solution  was  twice  extracted  with  a  saturated  solution  of  soda,  the  ether 
was  driven  off,  and  the  residue  was  treated  with  bisulfite.  No  bisulfite  compound 
of  an  aldehyde  was  found,  however.  The  residue  was  redissolved  in  ether,  the 
ether  solution  was  washed  with  water  and  desiccated  above  magnesium  sulfate,  and 
the  ether  was  driven  off.  The  residue  was  fractionated  in  vacuum.  Vacuum  frac¬ 
tionation  yielded  4  g  of  the  unreacted  a-naphthylacetonitrile  (24^),  with  a  b.p. 

of  195-198*  at  20  mm,  and  8.5  g  of  the  nitrile  of  naphthoylformic  acid  (47^),  with 
a  b.p.  of  I65-I7O*  at  20  mm.  The  m.p,  of  the  nitrile  of  a-naphthoylformic  acid 
was  100-101*  after  double  recrystallization  from  petroleum  ether.  This  nitrile 
has  a  m.p.  of  101"  according  to  the  literature  [s]. 

0.5422  g  and  0.3208  g  substance!  consumed  to  bind  the  ammonia:  17*89  and 

17.09  ml  0.1  N  H2SO4.  Found  ^oi  N  7*32,  7*45*  CigHrON.  Computed  N  7*7* 

Acidification  of  the  soda  extract  yielded  3*8  g  (22^)  of  a-naphthoic  acid, 
the  m.p.  of  which  was  I58*  after  recrystallization  from  water. 

0,2081  g  substance:  consumed  in  titration  24.01  ml  0.05  N  NaOH. 

Found:  M  173*3*  CiiHeOs.  Computed:  M  172. 

2.  Oxidation  of  the  methyl  ester  of  a-naphthylacetic  acid.  A  mixture  of 
10  g  of  the  methyl  ester  of  naphthylacetlc  acid  and  5*8  g  of  freshly  sublimed 
selenium  was  heated  for  I.5  hours  over  a  metallic  bath,  the  temperature  of  which 
was  190*,  After  this  time  had  elapsed  and  the  mixture  had  cooled,  the  reaction 
product  was  dissolved  in  ether,  and  the  selenium  was  filtered  out.  Its  yield 
totaled  3*8  g  (92.3^)*  The  ether  solution  was  washed  with  a  soda  solution  and 
with  water.  After  it  had  been  desiccated,  the  ether  was  driven  off,  and  the 
residue  was  distilled  in  vacuum^  this  yielded  7*8  g  (68‘5&)  of  a  crystalline  subs¬ 
tance  that  boiled  at  201-203*  and  37  nun*  Its  m.p.  was  73*  after  double  recrys¬ 
tallization  from  petroleum  ether.  The  picrate  of  the  ester  had  a  m.p.  of  8I*. 

0.1946  g  and  0.2362  g  of  the  picrate:  consumed  in  neutralizing  the  am¬ 
monia,  13*04  and  15*92  ml  0.1  N  H2SO4.  Found  'jo:  N  9*38,  9*43. 

^leHisOioNa.  Computed  N  9*4^. 

Acidification  of  the  soda  solution  yielded  about  1.2  g  (l4^)  of  a-naphth¬ 
oic  acid,  the  m.p.  of  which  was  I58"  after  crystallization  from  water. 

3*  Oxidation  of  the  ethyl  ester  of  a-naphthylacetic  acid.  16  g  of  the 
ethyl  ester  of  naphthylacetlc  acid  was  oxidized  at  200-210*  by  8.4  g  of  selenium 
dioxide  under  the  conditions  described  under  Experiment  2.  Appropriate  treatment 
yielded  5*5  g  (93*?^)  of  selenium,  1.8  g  (l4'^)  of  naphthoic  acid,  and  12.8  g  (72^) 
of  the  ethyl  ester  of  naphthoylformic  acid  (b.p.  210-212*  at  20  mm).  The  ester 
was  identified  by  preparing  its  picrate,  which  had  a  m.p.  of  76-76.5*,  which  con¬ 
forms  to  the  melting  point  given  in  the  literature,  [s]. 

SUMMARY 

A  study  has  been  made  of  the  oxidation  of  a-naphthylacetonitrile  and  of 
the  esters  of  naphthylacetlc  acid  by  seleniiim  dioxide.  It  has  been  shown  that 
the  oxidation  of  naphthylacetonitrlle  and  of  the  esters  of  naphthylacetlc  acid 


follow  a  common  pattern,  the  methylene  group  being  converted  into  a  carbonyl 
group, 
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THE  SYNTHESIS  OP  1-METHYL- 4- ALKYLCYCLOHEXEN- l-ONES-3 


M.  0.  Melikyan  and  G„  T.,  Tatevosyan 


As  we  know,  certain  alkylated  A^-cyclohexenones  have  made  their  way  into 
the  pharmaceutical  industry  and  into  the  manufacture  of  perfumes o  Moreover, 
homologs  of  A^-cyclohexenone  are  employed  rather  frequently  as  raw  materials  or 
intermediates  in  laboratory  syntheses.  That  is  why  methods  of  synthesizing 
these  ketones,  the  development  of  which  goes  back  as  far  as  the  last  quarter  of 
the  past  century,  still  Interest  research  workers.  The  commonest  and  most  fre¬ 
quently  employed  methods  of  producing  homologs  of  A^-cyclohexenone  are  based  upon 
cyclizlng  1,5-dlketones  [i].  Methods  elaborated  by  different  authors  differ  only 
in  the  ways  used  to  secure  the  Intermediate  1,5-dlketo  derivatives. 

It  has  been  shown  previously  that  homologs  of  A^-cyclohexenone  can  be  pre¬ 
pared  by  hydrolyzing  the  respective  unsaturated  chloroketones  with  sulfuric  acid. 
It  was  found  [2]  that  6-chlorohepten-5-one-2  (ll,  R  =  H) ,  synthesized  by  G.I. 
Isagulyants  [3]  hy  condensing  l,3-dlchlorobutene-2  with  acetoacetlc  ester,  fol¬ 
lowed  by  ketonlc  cleavage  of  the  substituted  acetoacetlc  ester  (l,  R  =  H),  Is 
hydrolyzed  and  cyclteed  by  concentrated  sulfuric  acid,  yielding  1-methylcyclo- 
hexen-l-one-3  (IV,  R  =  H) . 


CH3 

^CCl 


HC  CH3 

i  • 

H2CCI  ^CO 

CH-C02C2H5 

R 


H2SO4  ^ 


CH3 
^CCl 
HC  CH3 

H2C  io 

R 

(II) 


CH3 

/\ 

H2C  CH 

I  I 

H2C  CO 

\  / 

CH 

i 

(IV.) 


l,4-Dimethylcyclohexen-l-one-3  (TV,  R  CH3),  was  prepared  in  the  same  way 
from  methyl- ( y-chlorocrotyl ) -acetoacetlc  ester  (l,  R  =  CH3) .  Efforts  to  synthe¬ 
size  other  l-methyl-4-alkylcyclohexen-l-ones-3  in  the  same  manner  indicated  that 
disubstituted  acetoacetlc  esters  (l,  R  =  H,  CH3)  are  quite  unstable,  readily  hyd¬ 
rolyzing  when  heated  in  a  weakly  alkaline  medium,  even  at  the  instant  of  their 
formations 


CE3-CC1=CH-QH2 >C0-CH3  CH3-CC1=CH-CH2 

Y  -C2%0H  „  Y 

R'Y:02C2H5  R'^COaCaHs  +  CHaCOaCaHs 


When  no  excess  alkali  is  present,  the  resulting  disubstituted' acetoacetic 
esters  suffer  no  change. 

In  the  synthesis  of  l-methyl-4-isopropylcyclohexenone  the  1,3-dichloro- 
butene-2  was  condensed  with  isopropylacetoacetic  ester  at  room  temperature  in 
order  to  avoid  alcoholysis,  so  that  the  reaction  was  not  complete,  the  yield  of 
isopropyl- (y-chlorocrotyl) -acetoacetic  ester  being  27.5^  of  "the  theoretical.  In 
preparing  other  ketones,  however,  we  found  that  no  alcoholysis  occurs  if  no  ex¬ 
cess  alkali  is  present,  even  at  a  higher  temperature,  so  that  we  were  able  to 
secure  the  other  disubstituted  acetoacetic  esters  with  high  yields. 

The  marked  tendency  of  these  esters  toward  acid  cleavage  prevented  the 
securing  of  alkylchloroheptenones  (ll)  from  them,  so  that  the  plan  of  synthesis 
was  modified  to  have  the  alkyl- (y-chlorocrotyl) -acetoacetic  esters  hydrolyzed 
and  cyclized  by  sulfuric  acid  directly.  The  resultant  cyclic  ketonlc  esters  (v) 
are  partially  hydrolyzed  by  the  sulfuric  acid,  so  that  we  get  the  esters  together 
with  a  certain  amount  of  the  respective  cyclic  ketones,  which  are  separated  by 
fractionating  the  mixtures.  The  cyclic  ketonic  esters  are  then  hydrolyzed  by 
boiling  with  an  alcoholic  alkali: 


(I) 


H2SO4 


(V) 

The  asymmetrical  1,5-diketonic  esters,  which  yield  disubstituted  aceto¬ 
acetic  esters  when  hydrolyzed  by  sulfuric  acid,  can  be  cyclized  at  the  expense 
of  two  carbonyl  groups.  The  formation  of  l-methyl-6-alkyl-6-carbethoxycyclo- 
hexen-l-ones-3  /Vl)  was  not  impossible,  hydrolysis  of  the  latter  yielding  1-methyl- 
6-alkylcyclohexen-l-ones-3  (VIl) ; 

LM3 


(I) 


qH3 


ptl 

C2H5O2C/T 

H2C.^C0 

(VI) 


R-E 


(VII) 


The  absence  of  a  substituent  at  the  a-position  to  the  carbonyl  group 
formed  during  hydrolysis  at  the  expense  of  the  chlorine  atom  sterically  promotes 
an  Intramolecular  aldol  condensation  at  the  expense  of  this  carbonyl  group;  we 
therefore  had  to  expect  that  the  only  compounds  formed  or  the  principal  ones  would 
be  cyclic  ketonic  esters  and  ketones  with  the  hydrocarbon  radicals  at  the  1  and 
h  positions.  The  structure  of  the  ketones  was  determined  by  oxidation  with  potas¬ 
sium  permanganate.  In  this  oxidation  l-methyl-4  alkyl-cyclohexen-l-ones-3  ought 
to  yield  a-alkyl-y-acetylbutyric  acids  (VIIl) 


*  M 

EzC  j:OOE 
CH 


R  (VIII) 


whereas  the  oxidation  products  of  l-methyl-6-alkylcyclohexen-l-ones-3  (VIl)  would 
be  the  respective  acids.  The  oxidation  products  of  all 

four  ketones  proved  to  be  the  corresponding  a-alkyl- y-acetylbutyric  acids,  which 
were  identified  as  their  semicarbazones.  Thus,  of  the  two  possible  isomers,  only 
1-methyl— 4-alkylcyclohexen-l-ones-3  were  formed  in  all  the  instances  we  investi¬ 
gated. 

Of  the  ketones  synthesized,  the  most  interesting  is  l-methyl-4-isopropyl- 
cyclohexen-l-one-5,  which  is  the  d,l  form  of  the  natural  ketone  piperitone,  the 
fragrant  base  of  several  eucalyptus  oils,  which  has  been  employed  in  industry  ow¬ 
ing  to  the  readiness  with  which  it  can  be  converted  into  thymol,  menthol,  and 
menthone . 

Synthetic  piperitone  was  first  prepared  by  Walker  [5]  by  a  method  similar 
to  the  one  described  in  the  present  paper,  viz. ;  condensing  methyl  3-chloroethyl 
ketone  with  isopropylacetoacetic  ester,  cyclizing  the  condensation  product,  and 
saponifying  the  cyclic  ketonic  ester. 

Piperitone  has  also  been  prepared  [e]  by  brominating  l-methyl-4-isopropyl- 
-4-rarbethoxycyclohexanone-3^  splitting  out  hydrogen  bromide  from  the  resulting 
a-bromoketone  by  heating  the  latter  to  150-160“  with  tertiary  amines,  and  sapon¬ 
ifying  the  unsaturated  ketonic  ester. 

Lastly,  Birch  [7]  secured  a  negligible  yield  of  piperitone  by  reducing 
5-methyl-2-isopropylanlsoIe  with  sodium  and  alcohol  in  liquid  ammonia,  and  then 
hydrolyzing  and  Isomerlzing  the  1,4-dihydro  derivative  resulting  from  the  reduc¬ 
tion. 

In  view  of  the  fact  that  l,3-dichlorobutene-2,  which  we  have  used  as  our 
initial  material,  is  produced  in  large  quantities  as  a  waste  product  in  one  of 
our  chemical  industries,  the  method  described  in  the  present  paper  must  be  con¬ 
sidered  the  most  convenient  and  cheapest  process  for  the  synthetic  production  of 
d, 1-piper itone . 

l-Methyl-4-n-butyl-  and  1-methyl -4- isoamyl cyclohexen-l-ones-3  are  like¬ 
wise  fragrant,  their  odors  differing  somewhat  from  that  of  piperitone.  The  high- 
boiling  l-methyl-4-benzylcyclohexen-l-one-3  has  no  odor  at  all. 

EXPEBIMENTAL 

l-Methyl-4-lsopropylcyclohexen-l-one-3  (^, 1-Piper itone) 

Isopropyl- (y -chlorocrotyl) -acetoacetlc  ester  (l,  R  =  iso-CaHy) .  85.6  g  of 

freshly  distilled  l,3-dlchlorobutene-2  was  gradually  added  to  a  solution  of  the 
sodium  derivative  of  isopropylacetoacetic  ester,  prepared  from  80  g  of  that  es¬ 
ter,  10  g  of  sodium,  and  ll4  g  of  absolute  alcohol  with  stirring  and  water-cool¬ 
ing.  The  reaction  mixture  was  allowed  to  stand  for  3  days  at  room  temperature, 
after  which  water  acidalated  with  hydrochloric  acid  was  added  (the  precipitate 
dissolves  completely),  the  resultant  product  was  dissolved  in  benzene,  and  the 
benzene  solution  was  washed  with  water  and  desiccated  with  anhydrous  sodium  sulf¬ 
ate.  The  solvent  was  driven  off,  and  the  product  was  distilled  in  vacuum.  This 
yielded  32  g  (27.75^  of  the  theoretical  quantity)  of  a  substance  that  had  a  b.p. 
of  124-127*  at  5  nrai” 

I0O7155  I.472O5  MRj)  68.07;  computed  68. 30. 

0.1820  g  substance;  O.099O  g  AgCl.  0.1642  g  substance:  0.0914  g  AgCl. 

Found  io:  Cl  13.46,  13.780  Ci3H2i03Cl.  Computea  Cl  13.68. 

-  .  l-Methyl-4-isopropyI-4-carbethoxycyclohexen-l-one-3  (V>  R  =  iso-CsHy) .  9*6 
g  of  sulfuric  acid, 'sp.  gr.  I.78,  was  added,  with  stirring  and  chilling  with  ice. 
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to  10.1  g  of  isopropyl- ( Y-chlorocrotyl)-acetoacetic  ester.  The  reaction  mixture 
was  allowed  to  stand  for  two  days,  after  which  15.4  ml  of  water  and  I5.T  g  of  an¬ 
hydrous  soda  were  added.  The  reaction  product  was  extracted  with  ether;  the 
ether  solution  was  washed  with  water  and  desiccated  with  anhydrous  sodium  sulf¬ 
ate.  The  ether  was  driven  off,  and  the  product  was  fractionated  in  vacuum.  Re¬ 
fract  ionat  ion  yielded  0.4-3  g  of  a  fraction  that  hoiled  at  102-104*  and  9  nun,  con¬ 
sisting  chiefly  of  l-methyl-4-lsopropylcyclohex«none,  O.85  g  of  an  intermediate 
fraction,  and  5.48  g  (65.1^  of  the  theoretical)  of  the  principal  product,  a  color¬ 
less  oil  with  a  h.p.  of  l4l-l44*  at  9  mm.  l-Methyl-4- isopropyl-4- carhethoxycyclo- 
hexen-l-one-3  had  been  described  previously  by  Walker  [5].  The  product  we  synthe¬ 
sized  had  the  following  properties: 

^0.25  1.03985  n^°*^^1.4838;  MRp  61.6I;  computed  6l.23;  P.38. 

0.1028  g  substance:  O.2628  g  CO2;  O.O808  g  H2O.  Found  C  69.72;  H  8.73. 

'  Ci3H2o03*  Computed  C  69-64;  H  8.95* 

l-Methyl-4-isopropylcyclohexen-l-one-3  (1V>  R  =  iso-CsHr) .  A  mixture  of 
8.79  g  of  the  ester  (v,  R  =  iso-CaHy)  with  a  solution  of  6.79  g  of  potassium 
hydroxide  in  35  ml  of  methanol  was  boiled  for  12  hours,  and  then  dilute  hydro¬ 
chloric  acid  was  added  until  its  reaction  was  acid.  The  product  was  extracted 
with  benzene,  and  the  benzene  solution  was  washed  with  water  and  desiccated  with 
anhydrous  •sodium  sulfate.  The  benzene  was  driven  off,  and  the  product  was  double 
distilled  in  vacuum.  This  yielded  5*72  g  v(62.42^  of  the  theoretical)  of  a  color¬ 
less  oil  with  the  odor  of  mint,  which  had  a  b.p.  of  111-114*  at  l4  mm. 

d|°  0.9415;  ng°  lo484l;  MRp  46.17;  computed  45.72;  EMp  0.45. 

Oxime.  A  water-alcohol  solution  of  0.92  g  of  hydroxy laraine  hydrochloride, 
2.16  'g  of  sodium  acetate,  and  1.82  g  of  the  ketone  was  boiled  for  6  hours,  after 
which  the  mixture  was  diluted  with  water  and  treated  several  times  with  small 
quantities  of  ether.  The  oxime  was  extracted  from  the  ether  solution  with  dilute 
sulfuric  acid.  Adding  an  alkali  to  the  sulfuric-acid  solution  yielded  an  oil 
that  soon  crystallized.  The  colorless  crystals  had  a  m.p.  of  117-118*  after  re¬ 
crystallization  from  alcohol  (the  a-oxime  of  d, 1-piper itone) . 

Oxidation.  A  solution  of  5*45  g  of  potassium  permanganate  and  0.17  g  of 
potassium  hydroxide  in  82  ml  of  water  was  gradually  added,  with  stirring  and 
chilling  with  ice  water,  to  1.28  g  of  the  ketone.  The  reaction  mixture  was  al¬ 
lowed  to  stand  at  room  temperature  until  it  was  decolorized  (2  days),  after 
which  it  was  filtered.  The  filtrate  was  evaporated  to  the  consistency  of  syrup, 
the  residue  being  acidified  with  hydrochloric  acid  and  the  product  triply  ex¬ 
tracted  with  ether.  Driving  off  the  ether  left  behind  an  oil,  to  which  a  solu¬ 
tion  of  semicarbazide  and  sodium  acetate  was  added.  The  colorless  crystals  of 
the  semicarbazone,  formed  after  prolonged  standing  and  double  crystallization 
from  aqueous  alcohol,  had  a  m.p.  of  I56-I57*  (the  semicarbazone  of  a-isopropyl- 
y-acetylbutyric  acid) . 

l-Methyl-4-n-butylcyclohexen-l-one-3 

n-Butyl- (y-chlorocrotyl) -acetoacetic  ester  (l,  R  =  n-C^Ha) .  This  was  pre¬ 
pared  by  a  method  resembling  that  for  isopropyl- (y-chlorocrotyl) -acetoacetic  es¬ 
ter:  by  condensing  82.42  g  of  l,3-dichlorobutene-2  with  the  sodium  derivative  of 
butylacetoacetic  ester,  prepared  from  8l,:/6g  of  butylacetoacetic  ester,  9.45  g 
of  sodium,  and  IO6.8  g  of  absolute  alcohol,  the  only  difference  being  that  in  this 
case  the  reaction  mixture  was  allowed  to  stand  overnight  at  room  temperature,  af¬ 
ter  which  it  was  heated  to  50-60*  for  5-6  hours.  This  yielded  87. 5I  g  (72.55^  of 
the  theoretical)  of  a  colorless  substance  with  a  b.p.  of  IO7-IO8*  at  2  mm. 

d4®  1,0396;  ng®  1.4658;  MRj;  73.IO5  computed  72.92. 

0,1122  g  substance:  O.O582  g  AgCl;  O.II58  g  substance:  0.0604  g  AgCl. 

Found  Cl  12.84,  12.91,  C14H23O3CI.  Computed  Cl  12.93. 


l-Methyl-4-n-butyl-4-carbethoxycyclohexen-l-one-3  (V,  R  =  n-C4H9)  39 • 5^ 

g  of  butyl-  (y  -chlorocrot.yl  1  -acetoacetlc  ester  was  hydrolyzed  with  35  nil  of  sulf¬ 
uric  acidj,  sp„  gr,  loT^o  The  reaction  was  similar  to  the  hydrolysis  of  isopropyl- 
(y -chlorocrotyll-acetoacetic  ester.  After  the  solvent  had  been  driven  off  from 
the  ether  solution  of  the  reaction  product,  the  residue  was  doubly  fractionated 
in  vacuum.  This  yielded  1,58  g  of  a  fraction  with  a  b,p,  of  96-98*  at  3  mm,  con¬ 
sisting  chiefly  of  the  ketone,  4,3  6  of  an  intermediate  fraction,  and  21,4  g 
(62.76^)  of  the  theoretical)  of  the  principal  product  as  a  colorless  liquid  with 
a  b,p,  of  111, 5-112,5*  at  2  mm, 

df^  1,01551  ng^  1,4780;  MRp  66.34;  computed  65,85;  EMj^  0,49, 

0,1016  g  substance;  0,2606  g  CO2;  0,0838  g  H2O,  0,12l6  g  substance: 

0,3131  g  CO2;  0,1046  g  H2O,  Found  C  69o95^  70,22;  H  9«17,  9.55- 

C14H22O3.  Computed  C  70,595  H  9« 24, 

l-Methyl-4-n-butylcyclohexen-l-one-3  (IV>  R  =  n-C4H9) .  This  was  synthe¬ 
sized  like  the  d, 1-piperitone,  by  hydrolyzing  40,02  g  of  the  cyclic  ketonic  es¬ 
ter  (V,  R  n-C4H9)  with  28,31  g  of  potassium  hydroxide  dissolved  in  l42  ml  of 
methanol.  Double  distillation  in  vacuum  yielded  13o59  g  (47,27^, of  the  theoret¬ 
ical)  of  a  fragrant,  colorless  liquid  with  a  b,p,  of  95-96*  at  4  mm, 

d|o*5  0,9314;  ng°°^  1,4790;  MRj)  50,54;  computed  50,34. 

0,1102  g  substance:  0,3212  g  CO2;  O.III8  g  H2O.  Computed  C  79 ■>57; 

H  ll,27o  CiiHieO,  Computed  C  79o52;  H  10,84, 

Semicarbazone .  This  was  prepared  by  allowing  a  mixture  of  the  ketone  to 
stand  for  a  long  time  with  a  solution  of  semicarbazide  hydrochloride  and  sodium 
acetate.  It  had  a  m,p,  of  190-192*  after  double  recrystallization  from  alcohol. 

Oxidation,  3 "39  g  of  the  ketone  was  oxidized  by  a  solution  of  8,36  g  of 
potassium  permanganate  and  0,4  g  of  potassium  hydroxide  in  199  ml  of  water.  Ox¬ 
idation  was  similar  to  that  of  the  d, 1-piperitone,  The  semicarbazone  of  the  ox¬ 
idation  product  had  a  m.p,  of  l42-l44°  after  recrystallization  from  water.  A 
test  sample  mixed  with  the  known  semicarbazone  of  a-n-butyl- y-acetylbutyric  acid 
[s],  which  had  a  m.p,  of  139~l40*,  exhibited  no  depression  (m.p,  l40-l42*). 

l-Methyl-4-isoamylcyclohexen-  l-one-3 

Isoamyl-  (y-chlorocrotyl)  -acetoacetlc  ester  ( I,  R  =  Iso-Cc^Hn) ,  This  was 
prepared  by  a  method  similar  to  that  used  in  preparing  butyl- (y -chlorocrotyl) - 
acetoacetlc  ester:  by  condensing  56o4  g  of  1 ,3-dichlorobutene-2  with  the  sodium 
derivative  of  isoamylacetoacetic  ester,  prepared  from  60  g  of  Isoamylacetoacetlc 
ester,  6,45  g  of  sodium,  and  73  g  of  absolute  alcohol.  This  yielded  46,07  g 
(53»23^  of  the  theoretical)  of  a  colorless  substance  with  a  b,p,  of  II6-II8*  at 
2  mm, 

dfi“^  1,0262;  n|^°®  1,4642;  MRq)  77,60;  computed  77  =  54, 

0,1152  g  substance?  0,0580  g  AgCl,  0,1070  g  substance:  0,0530  g  AgCl, 

Found  Cl  12,45,  12,25,  C15H25O3CI,  Computed  Cl  12. 30, 

l-Methyl-4-lsoamyl-4-carbethoxycyclohexen-l-one-3  (V>  R  =  iso-CsHu) , 

This  was  prepared  like  the  cyclic  ketonic  esters  described  previously:  by  the 
acid  hydrolysis  and  cycllzation  of  4l,31  g  of  Isoamyl- ( y-chlorocrotyl) -acetoacetlc 
ester  with  35  ml  of  sulfuric  acid.  Triple  fractionation  of  the  reaction  products 
in  vacuum  yielded  1,45  g  of  a  fraction  with  a  b,p,  of  86-88*  at  2  mm,  consisting 
of  the  corresponding  ketone  (iV,  R  =  iso-CsHu),  3=9  g  of  an  intermediate  frac¬ 
tion,  and  20, 04  g  (55=54^  of  the  theoretical)  of  the  principal  product,  a  color¬ 
less  liquid  with  a  b,p,  of  112-115*  at  2  mm, 

df^'S  1^0015;  ng^»5  i„4768;  MRp  71  =  07;  computed  70,47;  EMj)  0,60, 
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J5.200  mg  substances  8o315  mg  CO2;  2,726  mg  HgO.  5 .^8^  mg  substances 

9,02:3  mg  COil  3o010  mg  H2O.  Found  C  70.91,  71.08;  H  9-53,  9-67. 

C15H24O3.  Computed  C  71.1-5;  H  9.52. 

l-Methyl-l--isoamylcyclohexen-l-one-5  (lV>  R  =  Iso-C^Hn),  This  was  pro¬ 
duced  by  a  method  similar  to  that  used  for  the  cyclic  ketones  described  above: 
by  hydrolyzing  18,09  g  of  the  ester  (V,  R  =  iso-CsHu)  with  a  solution  of  12,07  g 
of  potassium  hydroxide  in  60  ml  of  ethyl  alcohol.  Double  distillation  yielded 
5,10  g  i39ok'J‘^  of  the  theoretical)  of  a  fragrant,  colorless  liquid  with  a  b.p,  of 
84^86*  at  2  mm, 

d4®  0.9196;  nj)®  1,4808;  MRjj  55,68;  computed  54.96;  EM]^  O.72, 

0.1518  g  substance:  0.3841  g  CO2;  0.1350  g  H2O.  Found  C  79*47; 

H  11.38,  C12H20O.  Computed  ioi  C  8O.OO;  H  11.11, 

Semicarbazone .  The  semicarbazone  fused  at  l8l-l83°  after  double  recrys¬ 
tallization  from  alcohol. 

Oxidation.  0,26  g  of  the  ketone  was  oxidized  by  a  solution  of  6  g  of 
potassium  permanganate  and  0.29  g  of  potassium  hydroxide  in  l42.5  ml  of  water. 

The  semicarbazone  of  the  oxidation  product  had  a  m.p.  of  I5C-I52*  after  double 
recrystallization  from  water,  A  test  sample,  mixed  with  the  semicarbazone  of 
a- isoamyl- y-acetylbutyric  acid  [e]  with  a  m.p,  of  152-154*,  exhibited  no  depres¬ 
sion  (152-153*). 

l-Methyl-4-benzylcyclohexen-l-one-3 

Benzyl- ( Y-chlorocrotyl) -acetoacetic  ester  (l,  R  =  CsHs--CH2).  This  was  pre 
pared  like'^butyl- ( y-chlorocrotyl) -acetoacetic  ester:  by  condensing  47  g  of  1,3- 
dl-chlorobutene-2  with  the  sodium  derivative  of  benzylacetoacetic  ester,  prepared 
from  55  g  of  benzylkcetoacetic  ester,  5*57  g  of  sodium,  and  6l  g  of  absolute  al¬ 
cohol,  This  yielded  56.46  g  (75.21^  of  the  theoretical)  of  a  colorless  substance 
that  had  a  b.p.  of  l46-l48°  at  2  mm. 

di®*^  1.1234;  nj®-^  1,5202;  MRp  83. 51;  computed  83. 17. 

0.1176  g  substance:  O.O540  g  AgCl.  O.II66  g  substance;  O.O536  g  AgCl. 

Found  Cl  11.37,  11.38,  C1YH21O3CI.  Computed  Cl  11. 5I. 

l-Methyl-4-benzyl-4-carbethoxycyclohexen-l-one-3  (V,  R  =  C6Hc;-CH2) .  55.84 
g  of  benzyl- (y-chlorocrotyl) -acetoacetic  ester  was  hydrolyzed  and  cyclized  by  re¬ 
acting  it  with  42.6  ml  of  sulfuric  acid,  sp.  gr.  I.78.  Fractionation  of  the  re¬ 
action  products  yielded  2.1  g  of  a  fraction  with-a  b.p,  of  I28-I3O*  at  2  ram,  con¬ 
sisting  mainly  of  a  cyclic  ketone  (IV,  R  =  C6H5-CH2),  4.5  g  of  an  intermediate 
fraction,  and  29. I8  g  (6l.6^  of  the  theoretical)  of  the  cyclic  ketonic  ester  as 
a  colorless  liquid  that  crystallized  and  had  a  m.p.  of  43-44*  after  recrystal¬ 
lization  from  alcohol. 

0.1127  g  substance:  O.3O97  g  CQ2;  O.O769  g  H2O.  O.IO3I  g  substance: 

0.2828  g  CO2;  0.0701  g  H2O.  Found  io:  C  74.94,  74.80;  H  7.58,  7.55. 

C17H20O3.  Computed  C  75.00;  H  7*55. 

l-Methyl-4-benzylcyclohexen->l-one-3  (IV,  R  =  C6H5-CH2) .  This  was  prepared 
like  the  other  unsaturated  cyclic  ketones;  by  saponifying  24.28  g  of  the  ester 
(V,  R  =  CsHs— CH2)  with  a  solution  of  I5  g  of  potassium  hydroxide  in  60  ml  of  meth 
anol.  This  yielded  13.22  g  (74.06^  of  the  theoretical)  of  a  colorless  oil  with  a 
b.p.  of  I25-I27*  at  2  mm. 

1.0367;  1^5511;  MRd  60.40;  computed  6O.8O. 

0.1114  g  substance:  0.5406  g  CO2;  O.O798  g  H2O,  O.II5O  g  substance: 

0.3454  g  CO2;  0.0816  g  H2O.  Found  C  83.38,  83.36;  H  7.96,  8.01. 

C14H16O.  Computed  C  8^.00;  H  8.00. 
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Semlcarljazone »  The  semicarhazone  had  a  niopo  of  I89-I9O*  after  double  re- 
crystallization  from  alcohol. 

Oxidation.  4.43  g  of  the  ketone  was  oxidized  with  a  solution  of  9*07  g  of 
potassium  permanganate  and  0.44  g  of  potassium  hydroxide  in  215  ml  of  water. 

Upon  distillation  of  the  oxidation  product  in  vacuum  there  first  sublimed  a  small 
amount  of  a  colorless  substance  with  a  m.p.  of  120-121®.  A  test  sample,  mixed 
with  benzoic  acid,  exhibited  no  depre-sslon  of  the  melting  point.  Then  a  thick 
oil  that  crystallized  un^n  standing  distilled  at  18O-I85*  and  3  nim«  The  squeezed- 
out  crystals  had  a  m.p.  of  63-65®.  A  test  sample,  mixed  with  a-benzyl-y-acetyl- 
butyric  acid  [s]  that  had  a  m.p.  of  63-64®,  fused  at  63-65®. 

SUMMARY 

1.  It  has  been  shown  that  l-methyl-4-alkylcyclohexen-l-ones-3  can  be  pre¬ 
pared  by  a  sulfuric-acid  hydrolysis  and  cyclization  of  alkyl- (y-chlorocrotyl) - 
acetoacetic  esters,  followed  by  hydrolysis  and  decarboxylation  of  the  resultant  cydic 
p-ketonic  esters.  The  yield  of  the  ketones  ranges  from  40  to  of  the  theoret¬ 
ical. 

2.  It  has  been  shown  that  in  all  the  Instances  we  have  investigated,  of 
the  two  possible  isomers,  those  isomers  are  formed  that  have  alkyl  groups  at  the 
1  and ’4  positions. 

3«  In  addition  to  l-methyl-4-n-butyl-,  l-methyl-4- Isoamyl-,  and  l-methyt 
4-benzyl cyclohexanones,  which  have  been  synthesized  and  described  for  the  first 
time,  the  specified  method  has  been  used  to  synthesize  l-methyl-4-isopropylcyclo- 
hexen-l-one-5,  which  is  the  d, 1-form  of  the  natural  ketone  piperitone. 
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SULPONATION  AND  SULPO  ACIDS  OP  ACIDOPHOBIC  COMPOUNDS 

XV  SULPONATION  OP  DIENE  HYDROCARBONS  WITH  CONJUGATED  DOUBLE  BONDS 


A  P.  Terentyev  and  A  V  Dombrovsky 


In  our  previous  reports  [i]  we  demonstrated  that  pyridine  sulfotrioxide 
could  he  used  to  sulfonate  with  satisfactory  yields  such  readily- tarring  diene 
hydrocarbons  as  a-phenylbutadiene  and  cyclopentadleneo  Continuing  our  investiga- 
tloup  we  tested  a  number  of  the  simplest  dienes  with  conjugated  double  bonds. 

^  I  -  TV* 

‘  We " found-' that  pyridine  sulfotrioxide  is  a  quite  satisfactory  sulfonating 
agent  for  these  compounds.  Sulfonatlon  of  dlvinyl,  isoprene,  2,5-dlmethylbuta- 
diene,  and  other  homologs  of  dlvlnyl  results  in  the  formation  of  sulfo  acids  with 
the  sulfo  group  attached  at  the  double  bond,  i.e.,  substitution  occurs  in  the 
vinyl  position. 

Examples  of  the  substitution  of  the  sulfo  group  for  hydrogen  atoms  at  the 
double  bond  are  somewhat  surprising,  at  any  rate  rather  uncommon.  We  are  accus¬ 
tomed  to  associate  reactions  involving  the  substitution  of  various  groups  for 
hydrogen  atoms  with  saturated  or  aromatic  compounds.  In  the  olefins,  and  even 
more  so  in  the  diolefins,  these  reactions  are  known  as  rare  and  solitary  except¬ 
ions.  Still,  if  we  make  a  careful  survey  of  the  factual  data,  such  reactions 
are  not  anomalies.  Very  frequently,  substitution  reactions  occur  in  the  case  of 
the  dioleflns  as  side  processes  accompanying  addition  reactions,  though  at  times 
substitution  is  the  principal  process,  as  at  high  temperature,  for  example,  es¬ 
pecially  in  the  case  of  hydrocarbons  with  activated  double  bonds.  In  the  arom¬ 
atic  hydrocarbons,  on  the  other  hand,  addition  products  are  often  observed,  as 
we  know,  alongside  the  usual  direct  substitution  reactions.  The  former  are  fre- 
(fi-ently  unstable  at  high  temperature.  This  leads  may  authors  (Hollemann,  K. 

Meyer,  Wieland,  etc.)  to  regard  the  addition  products  as  Intermediates  in  typical 
substitution  reactions  of  aromatic  compounds. 

Hence,  the  substitution  reactions  of  the  olefins  relate  them  to  the  typical 
aromatic  compounds.  A  study  of  similar  transformations  and  of  the  order  in  which 
the  substituents  enter  was  not  without  interest.  We  shall  consider  only  the  sub¬ 
stitution  of  vinylic  atoms  for  hydrogen  in  olefins. 

In  the  halogenation  of  the  dienes  this  sort  of  metalepsy  has  been  observed 
only  in  isolated  cases  as  a  side  reaction.  Jones  and  Williams  [2]  passed  chlor¬ 
ine  through  a  chilled  solution  of  Isoprene  in  carbon  tetrachloride  and  observed 
the  evolution  of  hydrogen  chloride.  They  recovered  1 -chloro-2-methylbutadlene- 
l,3<>  According  to  V.I.EsafOv  [3]^  59^  of  conjugated  dienes  dissolved  in  carbon 
tetrachloride  react,  with  substitution,  whereas  only  2-5^  of  dienes  with  isolated 
double  bonds  react.  Unfortunately,  this  author  did  not  establish  the  structure 
of  the  substance  he  had  prepared,  so  that  his  data  provides  no  Information  on  the 
point  of  entry  of  the  halogen  atom  into  the  diene  molecule.  It  is  worthy  of  note 
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that  when  natural  isoprene  rubber  is  chlorinated  in  a  carbon  tetrachloride  solu¬ 
tion,  the  substitution  reaction  is  82^  of  the  theoretical  [4]. 

Diene  hydrocarbons  react  energetically  with  nitrating  agents.  NoYa.Dem- 
yanov  and  A. A. Ivanov  [s],  as  well  as  A. S. Onishchenko  [s],  have  shown  that  allene, 
2,3-dimethylbutadiene,  and  cyclohexadiEne-1,3  add  N2O3  at  the  double  bond,  yield¬ 
ing  the  respective  nitrosates: 

CH3  CH3 


CH2-C=CH2 

I  I 

NO  NO2 


CH2-C= 

I 


NO 


:C-CH2 
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Demyanov  concluded  that  no  more  than  two  NO2  groups  or  one  molecule  of  N2O3  is 
ever  added  to  a  diene  molecule.  No  one  has  ever  observed  the  replacement  of 
hydrogen  by  nitro  groups  in  dienes  as  yet.  In  this  regard,  it  is  not  without 
interest  to  quote  a  statement  by  I.I.Ostromyslensky,  who  wrote  in  1915*  "I  have 
reason  to  believe  that  erythrene,  nitrated  under  suitable  conditions,  would  yield 
the  dinitro  compound  CH2=(j! - (j!=CH2,  which  is  most  likely  a  very  close  analog  of 

NO2  NO2 

trinitrobenzene"  [v].  • 

In  1919  K.  Meyer  [8]  prepared  well-crystallized  azo  compounds  of  divinyl, 
isoprene,  piperylene,  and  2,3-dimethylbutadiene.  According  to  Meyer,  a  diazo 
compound  is  added  as  a  syn-diazohydrate  at  the  double  bond,  forming  the  initial 
product,  which  then  loses  a  molecule  of  water,  yielding  the  azo  compound: 


^CH2 

CH 

CH 

'^flp 


OH 


N2-Ar 


^OH2-OH 

T 

iK 

^CH2-N2-Ar 


^H2 


■CH-N2-Ar, 


Meyer  believed  that  the  ability  of  unsaturated  compounds  to  react  with  diazo  com¬ 
pounds  was  governed  by  the  activity  of  the  carbon-carbon  double  bond.  This  ac¬ 
tivity  is  increased  by  the  effects  of  certain  substituent  groups  at  the  double 
bond.  An  azo  group  replaces  the  hydrogen  atom  at  the  double  bond  that  is  in  the 
3-position  to  a  methyl  group.  That  is  why  Meyer  considered  the  structure  of  the 
coupling  product  of  piperylene  to  be  CH3— CH=C-CH=CH2.  The  conclusions  reached 

N2Ar 

by  B. A, Arbuzov  and  S.Rafikov  [s],  who  assuned  that  replacement  by  an  azo  group 
occurs  at  the  end  of  the  conjugated  sys.1;;em,  are  more  logical  and  convincing. 

They  actually  demonstrated  that  the  pr(^ucts  of  the  azo  coupling  of  piperylene 
and  hexadiene-2,4  had  the  following  structures,  respectively; 


CH3-CH=CH-CH=CH-N2-Ar  and  CH3-CH=CI^CH=C-N2-Ar  . 

CH3 

A. P. Terentyev  [10]  and  his  co-workers  continued  this  research  on  the  azo  coupling 
reaction  with  mono-  and  dlolefins.  They  found  that  even  such  dienes  as  phenyl- 
butadiene  entered  into  an  azo  coupling  reaction.  On  the  basis  of  these  investi¬ 
gations  they  worked  out  a  method  for  the  qualitative  and  quantitative  determina¬ 
tion  of  conjugated  dienes  [n]. 

As  for  the  sulfonation  of  divinyl  and  its  homologs,  there  is  nothing  in 
the  literature  on  this  subject.  As  we  know,  the  direct  action  of  H2SO4,  CISO3H, 
or  SO3  on  conjugated  dienes  causes  rapid  polymerization  and  tarring.  It  has 
been  found  that  68-70^  sulfuric  acid  absorbs  divinyl  fairly  vigorously  at  a 


constant  ratOo  The  polymerization  and  tarring  involved  occur  with  such  ease 
that  drops  of  oil  are  formed  on  the  surface  of  the  acid  [12].  Even  dioxane  sulfo- 
trioxide,  a  milder  sulfonating  agent,  employed  hy  Suter  and  his  co-workers  [13] 
to  introduce  the  sulfo  group  into  several  mono-olefins,  proved  to  he  unsuitable 
for  conjugated  dienes,  according  to  our  observations.  Dioxane  sulfotrioxlde 
causes  pronounced  darkening  and  tarring  of  dlvinyl,  isoprene,  2,3-dimethylbuta- 
diene,  and  other  dienes,  even  at  low  temperatures  and  in  dilute  solutions.  Hence, 
none  of  the  methods  described  in  the  literature  yields  satisfactory  results  when 
used  with  conjugated  dienes. 

Our  method,  after  prolonged  development,  has  made  it  possible  to  produce 
satisfactory  yields  of  sulfo  acids  and  their  derivatives  of  unsaturated  hydro¬ 
carbons  with  conjugated  double  bonds.  We  have  sulfonated  butadiene-1,3  and  sev¬ 
eral  of  its  homologs  with  pyridine  sulfotrioxlde. 

Butadiene-1, 3 »  We  sulfonated  divinyl  by  heating  it  to  lOO-llO®  for  8-10 
hours  with  pyridine  sulfotrioxlde  in  dichloroe thane  in  a  stainless-steel  autoclave. 
Treating  the  mass  with  concentrated  ammonia  and  a  baryta  solution  yielded  the 
barium  salt  of  a-divinylsulfo  acid  (CH2=CH-CH=CH-S03)2Ba  (butadiene-1, 3-sulfonic-l 
acid),  the  yield  being  based  on  the  divinyl.  The  highest  yields  of  divlnyl- 

sulfo  acid  are  secured  by  using  two  mols  (or  slightly  more)  of  pyridine  sulfotri- 
oxide  per'  mol  of  dlvinyl.  This  suggested  that  one  molecule  of  divinyl  reacts 
with  two  molecules  of  pyridine  sulfotrioxlde.  We  checked  this  by  heating  pyri¬ 
dine  sulfotrioxlde  to  100-110®  with  a  large  excess  of  dlvinyl  until  all  the  sulf¬ 
onating  agent  had  reacted.  The  primary  product  was  isolated  by  treating  the 
sulfo  mass  with  absolute  ether.  Determination  of  the  carbon,  hydrogen,  and 
nitrogen  indicated  that  two  mols  of  pyridine  sulfotrioxlde  combines  with  one  mol 
of  divinyl o  Boiling  the  primary  product  in  water  for  a  short  while  splits  off 
half  of  the  added  sulfur  trioxlde  as  a  sulfate  ion.  Hence,  the  reaction  between 
pyridine  sulfotrioxlde  and  divinyl  may  be  represented  as  follows: 

CHp=CH-CH=CH2  +  2/^^N  "  SO3  (C4H5S03H-'NC5H5)  “SOsNCsHs 


CH2=CH-CH-CH-S03H  “  NC5H5  +  C5H5N  “  H2SO4, 


The  structure  of  the  primary  product  may  be  represented  by  Formula  (l).  Then 
hydrolysis  proceeds  in  accordance  with: 


CH2=CH-CH— CH2 

I  1 

H5C5N  |02  +  H2O 

O2S - liCsHs 

(I) 


CH2=CH-(j:H-CH2~S03H"  NC5H5 
H5C5NOSO3H 

(IT) 


CH2=CH-CH=CH-S03H»NC5H5  +  C5H5N“H2S04. 


(Ill) 

This  explains  the  rather  difficult  elimination  of  part  of  the  pyridine  when  the 
salt  is  treated  with  baryta. 

a-Divinylsulfo  acid  is  a  strong  acid  that  is  quite  stable  in  solutions. 

3C^  solutions  of  this  acid  have  been  kept  for  a  year  and  a  half  without  percept¬ 
ible  change.  The  acid  darkens  when  an  effort  is  made  to  secure  it  in  an  anhyd¬ 
rous  state  by  evaporating  its  solution  over  a  water  bath  or  in  a  vacuum  desic¬ 
cator.  The  thick  mass  that  results  deliquesces  in  the  air  and  does  not  crystallize 
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even  after  standing  for  a  long  time  in  a  vacuum  desiccator  aboye  sulfuric  acid. 

The  acid  is  freely  soluble  in  water,  in  methanol,  and  in  ethyl  alcohol.  The 
Ba,  Na,  K,  Ca,  and  Pb) salts  of  a-divinylsulfo  acid  are  white  crystalline  sub¬ 
stances,  which  are  shown  to  be  salts  of  a  monosulfo  acid  upon  analysis.  They  are 
all  freely  soluble  in  water  and  insoluble  in  organic  solvents.  The  salts  of 
nitrogen  bases  (ammonium,  diethylamine ,  pyridine,  and  piperidine)  dissolve  in 
methanol  and  ethyl  alcohol.  These  salts  have  a  viscous  consistency,  and  we  were 
unable  to  secure  then  in  a  crystalline  state.  When  the  barium  salt  is  heated 
with  dilute  acids  for  two  hours,  20^  hydrolysis  occurs.  Divinylsulfo  acid  and 
its  salts  possess  obvious  unsaturated  properties.  Their  aqueous  solutions  de¬ 
colorize  permanganate  and  bromine  water  instantaneously  in  the  cold. 

Proof  of  the  structure  of  the  divinylsulfo  acid.  The  structure  of  the 
synthesized  suifo  acid  might  be  proved  by  reducing  its  derivatives  to  butanesulf- 
onic  acids  and  then  identifying  their  derivatives,  which  have  been  described  in 
the  literature.  We  were  unable,  however,  to  reduce  the  divinylsulfo  acid  complet¬ 
ely.  The  usual  method  of  reduction  with  hydrogen  iodide  in  the  presence  of  red 
phosphorus  could  .not  be  used,  since  the  divinylsulfo  acid  is  completely  decomp¬ 
osed  at  high  temperature  (170°)  in  a  strongly  acid  medium,  a  sulfate  ion  being 
evolved  and  a  carbonlike  mass  being  formed.  Nor  was  reduction  of  the  suifo 
acid  with  sodium  amalgam,  which  can  be  successfully  employed  to  reduce  vlnylac- 
rylic  acid  to  3-ethylidenepropionic  and  valeric  [14]  acids,  of  any  use  in  our 
case.  We  succeeded  in  hydrogenating  the  aqueous  Na,  K,  and  Ba  salts  of  the  di¬ 
vinylsulfo  acid  by  using  Raney  nickel.  This  resulted  in  the  addition  of  only 
two  atoms  of  hydrogen,  the  end  product  being  butene-l-sulfonic-1  acid, 
CH3-CH2-CH=CH-S03H . 

The  salts  of  this  acid  are  white  crystalline  substances  that  are  freely  • 
soluble  in  water.  They  also  decolorize  permanganate  and  bromine  water.  Prepar¬ 
ing  products  of  incomplete  hydrogenation  enabled  us  to  determine  the  structure 
of  the  original  divinylsulfo  acid.  When  the  potassium  salt  of  the  divinylsulfo- 
acid  was  oxidized  with  potassium  permanganate,  the  suifo  group  was  split  off  as 
a  sulfate  ion.  The  conditions  used  for  this  reaction wjre  like  those  used  in 
oxidizing  jpropylideneacetic  acid,  CH3-CH2-CH=CH-C00H  [is],  this  latter  acid 
being  ruptured  at  the  double  bond,  giving  rise  to  propionic  acid.  Oxidation  of 
our  partially  hydrogenated  divinylsulfo  acid  yielded  propionic  acid,  identified 
as  its  silver  salt.  This  is  enough  to  fix  the  structure  of  the  dihydro  acid 
and,  hence,  of  the  original  divinylsulfo  acid  as  butadiene-1, 3-sulfonic-l  acid. 

An  addition  reaction  to  the  divinylsulfo  acid  is  very  difficult,  despite 
its  having  conjugated  double  bonds.  When  aqueous  solutions  of  its  salts  are 
hydrogenated,  even  with  a  considerable  excess  of  nickel  (lO  g  of  nickel  per  40 
ml  of  a  10^  solution),  no  more  than  two  atoms  of  hydrogen  are  added.  No  hydro- 
halic  acids  can  be  added,  inasmuch  as  heating  with  acids  results  in  hydrolysis 
and  decomposition.  Nor  does  addition  occur  when  the  divinylsulfo  acid  and  its 
salts  are  heated  with  anhydrous  and  water-alcoholic  solutions  of  diethylamine 
and  piperidine.  Apparently,  the  suifo  group  strongly  passivates  the  divinyl 
molecule.  Aqueous  solutions  of  the  divinylsulfo  acid  decolorize  bromine  water, 
one  mol  of  bromine  requiring  one  mol  of  the  suifo  acid.  This  does  not  result  in 
addition,  however,  one  hydrogen  atom  being  replaced  by  bromine.  Experiment  has 
shown  that  a  mol  of  hydrogen  bromide  is  evolved  for  every  molecule  of  bromine 
entering  into  the  reaction.  There  are  cases  described  in  the  literature  in  which 
the  hydrogen  at  the  double  bond,  in  the  a-position  to  the  suifo  group,  is  replaced 
by  bromine.  Kohler  [is]  made  a  study  of  the  properties  of  ethylene suifo  acid, 
CH2=CH— SO3H,  and  found  that  its  aqueous  solutions  react  readily  with  bromine, 
evolving  hydrogen  bromide  and  yielding  a  bromine-substituted  suifo  acid, 
CH2=CBrS03H.  Ingold  and  Smith  [I’T’]  have  shown  that  when  this  acid  is  reacted  with 
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iodine  chloride,  its  a-hydrogen  atom  is  replaced  by  chlorine,  CH2--CCISO3H  being 
formed.  The  same  properties  are  displayed  by  oJ-styrenesulfo  acid  and  its  salts, 
[18,19],  which  yield  C6H5-CH=CBrS03H  when  reacted  with  bromine,  whereas 
C6H5-CH=(|!-S03H  [20]  does  not  react  with  bromine  under  similar  conditions,  inasmuch 

CH3 

as  it  has  no  hydrogen  atom  in  the  a-position. 

The  foregoing  justifies  us  in  assuming  that  the  reaction  of  the  divinyl- 
sulfo  acid  with  bromine  is  similar,  i.e,,  the  hydrogen  atom  in  the  a-position  is 
replaced  by  a  sulfo  group; 

CH2=CH-CH=CH-S03H  +  BRp  — CH2=CH-CH=-CBrS03H  +  HBr, 

The  composition  of  the  barium  salt  was  that  of  a  monobromo-substituted  di- 
vinylsulfo  acid.  All  efforts  to  add  bromine  to  the  divlnylsulfo  acid  at  the  double 
bonds  by  reacting  the  acid  with  bromine  in  methanol,  glacial  acetic  acid,  acetic 
anhydride,  or  even  benzoyl  peroxide  were  fruitless. 

Derivatives  of  the  divlnylsulfo  acid.  The  acid  chloride  of  the  dlvinyl- 
sulfo  acid  is  prepared  by  treating  the  sodium  or  potassium  salt  with  an  excess  of 
phosphorus  pentachlorlde.  It  has  a  peculiar  odor  and  is  stable  only  in  solutions 
of  carbon  tetrachloride,  benzene,  or  ether.  Water  quickly  causes  the  acid  chlor¬ 
ide  to  undergo  a  change,  converting  it  into  a  completely  inert  solid,  apparently 
a  polymer. 

Auillde  of  the  divlnylsulfo  acid.  This  is  a  red  crystalline  substance  with 
a  m.p.  of  83“.  We  were  unable  to  prepare  the  amide  of  the  divlnylsulfo  acid  by 
reacting  the  add  chloride  with  ammonia  or  with  ammonium  carbonate. 

Isoprene  (2-methylbutadiene-l ,3) •  Numerous  papers  have  been  devoted  to  a 
study  of  this  compound.  This  hydrocarbon  polymerizes  with  extraordinary  ease. 

S.V. Lebedev  has  made  a  study  of  the  kinetics  of  its  polymerization  [21],  He  found 
that  at  150*  polymerization  is  53*]^  complete  after  5  hours  and  90^  complete  after 
38  hours.  M.Doyarenko  [22]  points  out  that  small  amounts  of  sulfuric  acid  cause 
rapid  polmerization,  accompanied  by  darkening  of  the  entire  mass.  We  have  found 
that  isoprene  reacted  with  dioxane  sulfotrioxlde  even  at  0®,  with  considerable 
tarring.  Treating  the  reaction  mixture  with  baryta  enabled  us  to  recover  a  small 
amount  of  the  barium  salt  of  a  sulfo  acid.  The  minute  quantities  available  made 
it  impossible  for  us  to  determine  its  composition  or  structure.  We  sulfonated 
isoprene  dissolved  in  dlchloroethane  by  using  pyridine  sulfotrioxlde  at  100-110*. 
After  the  usual  processing  of  the  sulfo  product,  we  isolated  the  barium  salt  of 
an  unsaturated  sulfo  acid  containing  an  appreciable  quantity  of  a  disulfo  acid. 
Reprecipitation  of  the  crude  salt  from  methanol  solutions  yielded  58^  of  the 
theoretical  quantity  of  the  barium  salt  of  an  Isoprenemonosulfo  acid  '  (2-methyl¬ 
butadiene-l,  3-sulfonic-l  acid) : 

[ CH2=CH-C ( CH3 ) =CH-S03 ] 2Ba . 

The  Ba,  Na,  and  K  salts  of  the  Isoprenesulfo  acid  are  crystalline  substances  that 
are  quite  stable  in  the  solid  state  as  well  as  in  aqueous  solutions.  The  barium 
salt  of  the  isoprenesulfo  acid  was  partially  reduced  above  Raney’s  nickel  to  es¬ 
tablish  its  structure.  Oxidation  of  the  resulting  dihydro  product  yielded  methyl 
ethyl  ketone,  which  was  identified  as  its  p-nitrophenylhydrazone.  This  proved 
that  the  structure  of  the  original  sulfo  acid  was  2-methylbutadiene-l , 3-sulfonic-l 
acid; 

CHp-.  CIJ~C=CH“S03K  CH3-CH2-'C=CH-S03K  C2H5COCH3  +  SO4' . 

CH3 

The  properties  of  the  Isoprenesulfo  acid  and  of  its  salts  are  like  those  of  the 
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divinylsulfo  acid.  Like  the  latter,  it  adds  only  two  atoms  of  hydrogen  in  the 
presence  of  nickel.  When  reacted  with  oxidizing  agenns,  it  splits  out  the  sulfo 
group  as  a  sulfate  ion.  Reacting  it  with  bromine  results  in  a  substitution  re¬ 
action. 


2 , 3-Dimethylbutadiene .  This  hydrocarbon  was  synthesized  for  the  first 
time  by  N.Mariutsa,  a  pupil  of  Butlerov,  by  dehydrating  dimethylisopropenylcarb- 
inol  [23].  Even  at  that  time  it  was  noted  that  the  action  of  acid  reagents,  par¬ 
ticularly  sulfuric  acid,  at  room  temperature  produces  condensation  of  the  hydro¬ 
carbon,  accompanied  by  tarring.  This  readily  changing  diene  is  also  polymerized 
when  exposed  to  diffuse  light  in  storage,  heated,  or  kept  for  a  long  time  above 
calcium  chloride  [24].  S.V. Lebedev  investigated  the  nature  and  the  rate  of  poly¬ 
merization  in  the  50-150°  range  [25].  The  only  substitution  reaction  known  for 
this  hydrocarbon  has  been  the  azo  coupling  carried  out  by  K.  Meyer  in  1919  [®] • 

Testing  the  action  of  pyridine  sulfotrioxide  on  2,5-dimethylbutadiene-l,3 
at  100°,  we  found  that  this  hydrocarbon  does  react,  but  that  the  reaction  in¬ 
volves  the  formation  of  a  large  quantity  of  polymerization  products  in  the  shape 
of  a  spongy  mass.  This  undesired  process  is  suppressed,  and  the  yield  'of  the 
sulfo  product  is  Increased,  by  adding  m-dinitrobenzene  to  the  diene  as  a  stabil¬ 
izer  and  by  performing  the  reaction  in  dlchloroethane.  Treating  the  sulfo  mass 
in  the  usual  manner  yielded  the  barium  salt  of  an  unsaturated  sulfo  acid.  Its 
barium  content  was  higher  than  required  for  a  monosulfo  acid.  This  indicated 
the  presence  of  products  of  more  thoroughgoing  sulfonation.  Purification  of  the 
crude  product  by  repreclpitatlon  from  aqueous  solutions  of  methanol  yielded  the 
'Darium  salt  of  2,5-dimethylbutadiene-l,3-sulfonic-l  acid,  CH2--C - (jl-CH-SOsH.  The 

^^3  CH3 

barium  salt,  in  turn,  was  used  to  secure  the  sodium  and  potassium  salts.  These 
are  crystalline  substances  that  are  freely  soluble  in  water.  The  acid  and  its 
salts  are  oxidized  by  permanganate,  sulfur  being  split  out  as  the  sulfate  ion. 

Its  reaction  with  bromine  water  is  like  that  of  the  other  diene  sulfo  acids. 

The  structure  of  the  sulfo  acid  was  fixed  by  oxidizing  an  aqueous  solution  of 
its  sodium  salt.  There  is  no  doubt  that  oxidation  took  place  at  the  double  bonds' 


CH2=C - C=CH-S03Na 

Ahs  CHa 


+  0 


OC - (j:0  +  SO4’' 

CH3  CH3 


The  reaction  products  included  dlacetyl,  which  was  converted  into  dimethylglyox- 
ime,  which  exhibited  the  characteristic  rose-colored  precipitate  of  the  coordina¬ 
tion  compound  with  nickel  sulfate  (L.A. Chugaev' s  reaction 


As  our  preliminary  tests  have  shown,  other  dienes  —  such  as  piperylene, 
hexadiene-2,J4-,  2,4-dlmethylpentadiene-2,3  -  can  also  be  sulfonated  with  pyridine 
sulfotrioxide.  We  have  not  established  the  composition  or  structure  of  the  re¬ 
sulting  sulfo  acids  as  yet. 


EXPERIMENTAL 

Sulfonation  of  divlnyl.  96  g  (0.6  mole)  of  pyridine  sulfotrioxide  and  a 
solution  of  25  ml  (O.3  mole;  of  commercial  drivinyl  *  in  25  ml  of  dlchloroethane 
were  heated  together  to  100-110°  for  10  hours  in  a  500-ml  stainless-steel  auto¬ 
clave.  No  pressure  nor  odor  of  sulfur  dioxide  was  noticed  when  the  autoclave  was 
opened.  The  light-yellow  sulfo  mass,  which  had  melted  together,  was  treated  with 
100  ml  of  20^  ammonia.  The  sulfo  product  dissolved  rapidly  with  the  evolution  of 
a  small  amount  of  heat.  The  separated  layer  contained,  besides  25  ml  of  dichloro 
ethane  and  45  ml  of  pyridine,  a  certain  amount  of  the  ammonium  salt  of  an 

Coranercial  divinyl  usually  contains  about  i0%  of  pseudobutylene.  But  experiment  has  shown  that  this 
Dionolefin  practically  does  not  react  with  pyridine  sulfotrioxide. 
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unsaturated  sulfo  acid,  which  was  left  behind  when  the  solvents  were  driven  off. 

The  salt  was  combined  with  the  bulk  of  the  aqueous  ammonia  layer.  In  addition, 
some  2  g  of  a  spongy  polymer  was  recovered  from  the  sulfonation  products.  The 
water-ammonia  layer  was  extracted  several  times  with  benzene  to  remove  the  last 
traces  of  pyridine.  200  g  of  barium  hydroxide  was  added  to  the  aqueous  solution 
to  precipitate  the  sulfates  and  drive  out  the  ammonia.  The  mixture  was  then  evap¬ 
orated  to  dryness.  The  residue  was  extracted  with  water.  The  excess  barium  hyd¬ 
roxide  was  precipitated  with  carbon  dioxide.  The  filtrate  was  evaporated  to  dry¬ 
ness.  Inasmuch  as  it  proved  difficult  to  get  rid  of  the  residual  water,  the  crude 
salt  was  desiccated  by  boiling  it  with  benzene.  This  yielded  51-6  g  (77'?^>)  of  a 
crystalline  anhydrous  barium  salt  of  a  monosulfo  acid. 

6.222  mg  substance  ;  3 =609  mg  BaS04.  Found  Ba  3^°13» 

(C4H503S)2Ba.  Computed  Ba  3^o03o 

The  potassium  and  sodium  salts  were  prepared  by  precipitating  the  barium 
salt  with  solutions  of  the  respective  sulfates.  The  anhydrous  salts  were  secured 
by  boiling  with  benzene  to  remove  any  residual  water.  The  m.p.  of  the  potassium 
salt  was  210°.  Decomposition  set  in  above  240°. 

8,720  mg  substance:  8.884  mg  CO^;  2,6l0  mg  H2O,  3«8l0  mg  substance: 

1.920  mg  K2SO4,  Found  C  27-725  H  3-355  K  22.62. 

C4H5O3SK.  Computed  C  27,895  H  2.935  K  22.70, 

Analysis  of  the  primary  product  of  the  sulfonation  of  dlvinyl .  10 . 8  g 

(0.2  molef  of  pure  divinyl,  prepared  by  treating  l,2,3;4-tetrabromobutane  with 
zinc  dust,  was  heated  in  a  sealed  tube  to  100-110°  with  16  g  of  pyridine  sulfotri- 
oxide  (Oal  mole)  and  I9  ml  of  dlchloroethane.  After  all  the  pyridine  sulfotrlox- 
ide  had  reacted  (within  8  hours)  the  tube  was  opened.  The  excess  dlvinyl  and  di- 
chloroethane  was  driven  off.  The  sulfo  mass  -  the  primary  product  -  was  a  thick, 
light-yellow  liquid,  which  was  carefully  treated  several  times  with  absolute  ether 
(the  sulfo  product  did  not  dissolve  in  the  ether).  The  residual  ether  was  driven 
off  by  heating  over  a  water  bath. 

Analysis  of  the  primary  sulfonation  product.  7-630  mg  substance: 

12.580  mg  CO25  2.880  mg  H2O.  3-500  mg  substance;  5-780  mg  CO25  1*330 
mg  H2O,  8.380  mg  substance:  O.549  ml  N2  (74l  mm,  22°),  6,710  mg  sub¬ 

stance:  0.439  ml  N2  (741  mm,  22°).  Found  C  44.96,  45,045  H  4,22, 

4,255  N  7-38,  7.38.  C4H6(C5H5NS03)2-  Computed  C  45.I55  H  4,335 

N  7.52. 

2.65  g  of  the  primary  product  was  dissolved  in  50  ml  of  water  and  brought  to  a 
boil.  A  solution  of  barium  chloride  was  added.  The  precipitated  barium  sulfate 
weighed  1.64  g.  The  usual  treatment  with  ammonia  and  caustic  baryta  yielded 
the  barium  salt,  which  was  converted  into  the  potassium  salt.  Analyses  of  these 
salts  indicated  they  were  the  same  as  the  substances  secured  from  commercial  di¬ 
vinyl  . 

The  g-divinylsulfo  acid  (butadiene -1,3-sulfonic-l  acid)  was  recovered  in 
the  free  state  from  a  10^  solution  of  the  barium  salt  by  adding  to  it  an  equival¬ 
ent  quantity  of  dilute  sulfuric  acid.  The  filtrate,  containing  the  dlvinylsulfo 
acid,  exhibited  no  signs  of  decomposition  after  prolonged  storage  (about  1^  years). 
The  solution  of  the  acid  was  placed  in  a  porce].aln  dish  in  a  vacuum  desiccator 
above  sulfuric  acid  for  a  few  days.  The  contents  of  the  dish  gradually  darkened 
as  the  water  was  eliminated.  The  residue  was  dark  brown  and  deliquesced  in  the 
air.  Aqueous  solutions  of  the  dlvinylsulfo  acid  exhibited  a  strong  acid  reaction. 
The  acid  did  not  dissolve  in  ordinary  organic  solvents,  with  the  exception  of  al¬ 
cohols.  Concentrating  the  acid  by  evaporation  over  a  water  bath  caused  rapid 
darkening,  accompanied  by  decomposition  of  the  acid,  the  sulfo  group  being  de¬ 
tached  as  a  sulfate  ion  and  tarry  substances  being  formed 


Reduction  of  a  salt  of  the  divlnylsulfo  acid.  A  solution  of  7  g  (0.04 
mole)  of  the  potassium  salt  in  50  ml  of  water  was  hydrogenated  in  a  "duck"  at 
room  temperature  with  Raney  nickel  (about  10  g) ,  Hydrogen  was  passed  through  un¬ 
til  no  more  was  absorbed,  900  ml  {OcOk  mole)  of  hydrogen  was  absorbed  in  6  hours. 
The  catalyst  was  filtered  out,  and  the  filtrate  was  evaporated.  This  yielded  7 
g  of  a  white  crystalline  salt,  A  solution  of  this  salt  decolorized  permanganate 
and  bromine  water. 

6,48l  mg  substance:  3.264  mg  K2S04.  Found  K  22.60. 

C4H703SK.-  Computed  K  22,44, 

Oxidation  of  the  reduced  salt.  Slightly  more  than  4  atoms  of  oxygen  were 
used  per  mol  of  the  hydrogenated  salt,  9,5  g  (0.06  mole)  of  potassium  permangan¬ 
ate  was  added  a  little  at  a  time,  with  frequent  shaking,  to  3.5  S  (0.02  mole)  of 
the  potassium  salt  dissolved  in  25  ml  of  water.  Manganese  dioxide  and  carbon  d^i- 
oxide  began  to  be  evolved  at  once,  accompanied  by  the  evolution  of  lieat.  Toward 
the  end  of  the  reaction,  the  mixture  was  heated  slightly  over  a  water  bath.  The 
filtrate  was  evaporated  to  small  volume.  After  acidulation  with  sulfuric  acid 
the  characteristic  odor  of  propionic  acid  appeared.  The  latter  was  distilled  with 
steam.  The  distillate  was  neutralized  with  ammonia  and  treated  with  a  solution 
of  silver  nitrate.  The  white  crystalline  precipitate  was  freed  of  its  excess 
AgNOo  and  dried  in  the  dark  at  6O-7O*  after  double  recrystallization  from  hot  *  . 
water , 

8,345  mg  substance:  4, ‘983  mg  Ag,  Found  Ag  59.71.  CsHsOsAg. 

Computed  Ag  59.^2. 

Action  of  bromine  upon  a  salt  of  the  divinylsulfo  acid.  An  accurately 
weighed  sample  of  the  sodium  salt  was  dissolved  in  20  ml  of  water  in  a  small  flask 
with  a  ground-glass  stopper.  An  accurate  solution  of  bromine  in  methanol  was  add¬ 
ed  to  the  solution  from  a  buret,  Decolorization  was  rapid.  The  , flask  was  agit¬ 
ated  for  IO-I5  minutes  to  complete  the  reaction,  and  then  the  reaction  mixture 
was  neutralized  with  alkali.  The  amount  of  bromine  ion  formed  was  determined  by 
titration  with  a  0.2  N  solution  of  AgNOa  in  the  presence  of  K2Cr04. 

1)  0.5574  g  substance:  O.55OI  g  of  bromine  added,  I7.8O  ml  of  0.2  N  AgNOs 
solution  being  used  to  titrate  the  bromine  ion,  i.e.,  the  bromine  ion  totaled 

0,2324  g,  or  51.34^  of  the  bromine  used  for  the  reaction, 

2)  0,6286  g  substance;  0,6434  g  of  bromine  added,  20.54  ml  of  0,2  N  AgNOa 
solution  being  used  to  titrate  the  bromine  ion,  i.e,,  the  bromine  ion  totaled 

0.3258  g,  or  50.63^  of  the  bromine  used  for  the  reaction. 

Synthesis  of  (CH2=CH-CH=CBrS0a)2Ba,  Bromine  was  added  to  a  solution  of 
the  barium  salt  or  to  the  free  divinylsulfo  acid  until  the  solution  had  a  faint 
color  that  did  not  disappear.  Air  was  passed  through  the  solution  to  remove  the 
excess  bromine.  The  reaction  mixture  was  treated  with  a  paste  of  barium  carbon¬ 
ate  and  silver  (prepared  with  4  parts  of  barium  carbonate  and  1  part  of  silver 
nitrate)  to  remove  the  bromine  ion.  Evaporation  of  the  filtrate  over  a  water 
bath  yielded  a  white  cjrystalline  salt,  a  solution  of  which  no  longer  decolorized 
bromine  water. 

6,124  mg  substance:  2,561  mg  BaS04.  8,345  mg  substance:  5.589  mg  AgBr. 

Found  p.  Ba  24,615  Br  28,50,  (C4H40aSBr)2Ba.  Computed  Ba  24.45; 

Br  28,47, 

Acid  chloride  of  the  divinylsulfo  acid.  7  g  of  the  sodium  salt  was  tritur¬ 
ated  in  a  porcelain  dish  with  three  times  the  amount  of  phosphorus  pentachlorlde. 
The  mixture  melted  and  heated  up  within  a  few  minutes.  The  dish  was  cooled  to 
prevent  excessive  heating.  Continuous  stirring  is  required  for  this  reaction.  If 
the  onset  of  the  reaction  is  slow,  the  mixture  should  be  heated  slightly  on  a 
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water  bath«  The  reaction  mass  was  treated  with  ether  three  times.  The  ether  ex¬ 
tract  was  washed  repeatedly  with  ice  water  to  remove  the  oxychloride  and  the  ex¬ 
cess  phosphorus  pentachloride.  This  caused  part  of  the  acid  chloride  to  polymer¬ 
ize.  Then  the  extract  was  desiccated  with  calcium  chloride. 

Anilide  of  the  divinylsulfo  acid.  To  an  ether  solution  of  the  acid  chlor¬ 
ide  there  were  added  an  equal  quantity  of  aniline  and  about  O.5-I  ml  of  pyridine. 
The  mixture  was  heated  for  2  hours  with  a  reflux  condenser.  A  layer  of  red  liquid 
separated  at  the  bottom  of  the  flask.  After  the  solvent  had  been  decanted,  the 
solidified  mass  was  treated  with  sulfuric  acid  and  washed  thoroughly  with  hot  and 
cold  water.  The  resulting  bright  red  crystals  were  petal  shaped  and  had  a  m.p. 

of  83°. 

7.255  mg  substance:  0.43^  ml  N2  (17"^  738  mm).  Found  N  6.34, 

CioHiiOgSN.  Computed  N  6.69. 

Sulf onat ipn  of  i sopr ene .  7  g  (O.l  mole)  of  isoprene  (b.p,  33.5^5  ^4° 

0.6300,  ngo  1,4213)  was  sulfonated  by  heating  it  to  100°  for  8  hours  with  32  g  of 
pyridine  sulfotrloxide  (0,2  mole)  dissolved  in  10  ml  of  dichloroethane,  to  which 
0.5^  of  m-dinitrobenzene  had  been  added.  The  processing  of  the  sulfonation  prod¬ 
uct  was  similar  to  that  used  for  the  divinyl.  We  secured  I3  g  (58^)  of  a  barium 
salt,  which  was  purified  by  reprecipitation  from  an  aqueous  solution  of  methanol. 
The  salt  was  freely  soluble  in  water,  but  only  very  slightly  soluble  in  alcohol 

3.655  mg  substance:  1.932  mg  BaS04.  4,400  mg  substance:  2,350  mg  BaS04. 

Found  Ba  31.91,  31.43.  (C5H703S)2Ba.  Computed  Ba  31- 80, 

The  sodium  salt  was  prepared  by  precipitating  a  solution  of  the  barium 
salt  with  sodium  sulfate.  White  crystals,  freely  soluble  in  water,  but  only 
slightly  soluble  in  alcohol. 

6.210  mg  substance:  2,648  mg  Na2S04,  8,228  mg  substance:  3. 500  mg 

Na2S04,  Found  Na  13,8l,  13.77.  CsHyOaSNa.  Computed  Na  13. 51. 

When  salts  of  the  isoprenesulfo  acid  are  reacted  with  a  solution  of  potas¬ 
sium  permanganate,  oxidation  is  perceptible  even  in  the  cold.  After  the  mangan¬ 
ese  dioxide  had  been  dissolved  by  hydrochloric  acid,  a  white  precipitate  of  bar¬ 
ium  sulfate  was  left.  Bromine  water  reacts  readily  with  the  barium  salt,  barium 
sulfate  not  separating  out  even  when  heated. 

Determination  of  the  structure  of  the  isoprenesulfo  acid.  2,7  g  (0.0l4 
mole)  of  the  potassiiam  salt  was  dissolved  in  30  ml  of  water  and  hydrogenated  in 
a  "duck*  at  room  temperature  with  5  g  of  Raney  nickel.  320  ml  (0.0143  mole)  of 
hydrogen  was  absorbed  in  6  hours.  A  solution  of  2.5  g  of  the  reduced  salt  was 
oxidized  with  4,9  g  of  potassium  permanganate.  10  ml  of  liquid  was  distilled 
from  the  liquid.  In  the  distillate  we  found  methyl  ethyl  ketone,  identified  by 
the  melting  point  of  its  p-nltrophenylhydrazone  (125-126*  [^v]).  A  test  sample, 
mixed  with  a  known  sample,  exhibited  no  depression. 

Sulfonation  of  2,3-dimethylbutadiene.  Dl-isopropenyl  was  prepared  by  de¬ 
hydrating  pinacol  by  heating  it  with  iodine  [28],  The  purified  hydrocarbon  had 
a  b.p,  of  69,5-70.5" 5  df®  0,72705  np®  I.436O,  5  g  (0,06  mole)  of  dl-lsopropenyl 

was  heated  to  100“  for  8  hours  with  19  g  (0.12  mol^  of  pyridine  sulfotrloxide 
dissolved  in  7  ml  of  dichloroethane,  to  which  O.O5  g  (l^)  of  m-dinltrobenzene  had 
been  added.  Treatment  of  the  sulfo  mass  like  that  used  above  yielded  12  g  of 
the  barium  salt  (57^). 

2,326  mg  substances  1.292  mg  BaS04,  Found  Ba  32.69. 

(C6H903S)2Ba.  Computed  Ba  29.86,  C6H806S2Ba.  Computed  Ba  36. 80. 

A  saturated  solution  of  8  g  of  the  barium  salt  was  precipitated  with  meth¬ 
anol,  The  precipitated  salt  exhibited  a  lower  barium  content.  Triple  reprecipi¬ 
tation  yielded  4  g  of  a  salt  of  a  monosulfo  acid. 


4.26i  mg  substance;  2.439  mg  BaS04.  5 •324  mg  substance;  3 •054  mg  BaS04. 

Found  Ba  30.22,  30.79»  (C6H903S)2Ba.  Computed  Ba  29.86. 

The  sodium  salt  of  a  monosulfo  acid  was  prepared  by  precipitating  the 
barium  salt  with  sodium  sulfate. 

6.815  nig  substance;  2.660  mg  Na2S04.  4.342  mg  substance:  1.732  mg 

Na2S04.  Found  Na  12.62,  12.89-  CsHgOsSNa.  Computed  Na  12.47. 

Determination  of  the  structure  of  the  sulfo  acid  of  dimethylbutadiene. 

About  6  g  of  finely  pulverized  potassium  permanganate  was  added  a  little  at  a  time 
to  1.5  g  of  the  salt  dissolved  in  40  ml  of  water  in  a  distilling  flask.  At  the 
same  time  the  oxidation  product  was  distilled  with  steam.  The  distillate  was 
heated  with  a  small  amount  of  hydroxy lamine  hydrochloride,  the  solution  was  neu¬ 
tralized  with  ammonia,  and  a  few  drops  of  a  solution  of  nickel  sulfate  were  added. 
The  solution  soon  turned  rose-colored.  The  next  day  the  characteristic  scarlet- 
red  precipitate  of  the  nickel-dimethylglyoxlme  coordination  compound  settled  out. 

SUMMARY 

Ic  Divinyl  and  its  homologs  -  Isoprene  and  di-isopropenyl  -  have  been  sulf- 
onated  by  heating  in  sealed  tubes  with  an  excess  of  pyridine  sulfotrioxide . 

2.  It  has  been  shown  that  diene  monosulfo  acids  were  formed  in  every  case, 
with  the  sulfo  group  at  the  end  of  the  conjugated  system,  which  have  never  been 
previously  described  in  the  literature. 

3.  Butadiene-1, 3-sulfonic-l,  2-methylbutadiene-l,3-sulfonic-l,  and  2,3- 
dimethylbutadiene-1, 3- sulfonic -1  acids  have  been  synthesized  for  the  first  time 
as  their  barium  salts. 

4.  The  example  of  divlnyl  has  been  used  to  show  that  pyridine  sulfotriox¬ 
ide  forms  a  primary  sulfonation  product  with  a  diene  in  the  molecular  proportions 
of  2:1. 
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A  STUDY  OP  SULPONATION  REACTIONS 

XVI.  EQUILIBRIUM  BETWEEN  A  SULPO  ACID  AND  ITS  ACID  CHLORIDE 


A,  A.  I^ryskov  and  Yu.  L.  Kuzmina 

Either  sulfo  acids  or  acid  chlorides  of  sulfo  acids  are  produced  by  the 
action  of  chlorosulfonlc  acid  on  various  organic  compounds.  When  1  mol  or  some 
what  more  of  chlorosulfonlc  acid  is  used  per  mol  of  the  substance  to  be  sulfon- 
ated,  the  sulfonatlon  reaction  proceeds  as  follows: 

RH  +  HSO3CI  - ►  RSO3H  +  HCl.  (i) 

If  a  large  excess  of  chlorosulfonlc  acid  is  used  mols),  compared  to  the 

sulfonated  reagent,  it  is  mainly  the  acid  chloride  that  is  formed,  and  the  reac¬ 
tion  chiefly  takes  this  course: 

RH  +  2HSO3CI  - RSO2CI  +  H2SO4  +  HCl.  (II) 

The  yield  of  the  acid  chloride  never  attains  the  theoretical,  however,  and 
only  rarely  approaches  it.  This  is  due  to  the  fact  that  the  sulfuric  acid  evolved 
during  the  reaction  converts  the  acid  chloride  into  the  sulfo  acid  as  follows? 

RSO2CI  +  H2SO4  RSO3H  +  HSO3CI.  (Ill) 

The  latter  reaction  is  an  equilibrium  one,  so  that  increasing  the  excess 
of  chlorosulfonlc  acid  in  the  mixture  increases  the  yield  of  the  acid  chloride. 
Since  a  large  excess  of  chlorosulfonlc  acid  is  used  to  prepare  acid  chlorides, 
all  the  sulfonated  reagent  is  converted  into  a  sulfo  derivative,  while  the  hydro¬ 
gen  chloride  leaves  the  reaction  zone  as  a  gas,  so  that  when  sulfonatlon  is  com¬ 
plete,  the  system  consists  of  the  four  constituents  of  the  last  equation.  It  is 
easy  to  calculate  the  most  advantageous  proportions  of  the  reagents,  provided  the 
equilibrium  constant  of  this  reversible  reaction  is  known.  Let  n  mols  of  chloro- 
sulfonic  acid  be  used  in  sulfonatlon  per  mol  of  the  organic  substance;  then  we 
will  have  x  mols  of  the  sulfo  acid  and  1  -  x  mols  of  the  acid  chloride  after  the 
reaction  is  complete  and  equilibrium  has  been  attained.  1  “  x  mols  of  sulfuric 
acid  have  been  produced  [cf  Equation  (ll)],  and  2(l  -  x)  mols  [cf  Equation  (ll)] 
and  X  mols  [£f  Equation  (TJ]  of  chlorosulfonlc  acid  will  have  been  expended. 

The  chlorosulfonlc  acid  remaining  will  then  be  n  -  2(l  -  x)  ~  x^  equil¬ 

ibrium  constant  will  be  given  by  the  equation: 


During  the  past  few  years  the  production  of  the  acid  chlorides  of  sulfo 
acids  has  become  very  important  in  practice,  which  impelled  us  to  undertake  to 
prove  the  existence  of  this  equilibrium  system  and  to  find  some  equilibrium  cons¬ 
tant  for  an  acid  chloride  and  its  sulfo  acid  in  a  mixture  of  chlorosulfonlc  acid 
and  sulfuric  acid.  We  chose  p-toluene  sulfochloride  as  oior  research  object;  it 
was  mixed  with  chlorosulfonlc  and  sulfuric  acids  in  various  proportions  at  0* , 

The  mixture  was  kept  in  thawing  snow  for  various  intervals  of  time  to  make  it  pos¬ 
sible  to  observe  the  attainment  of  a  state  that  was  close  to  equilibrium  by 


[RSOaH]- [HSO3CI] 
[RS02C13»[H2S04] 
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gravimetrically  determining  the  amount  of  the  chloride  still  left  after  the  mix¬ 
ture  had  been  poured  out  over  icco 

When  100^  chlorosulfonic  acid  is  used  in  sulfonation,  the  number  of  mols 
of  sulfuric  acid  formed  equals  the  niimber  of  mols  of  the  chloride;  in  our  tests 
we  used  various  numbers  of  mols  of  sulfuric  acid_,  so  that  the  formula  derived  for 
the  equilibrium  constant  had  to  be  changed.  If  we  take  1  mol  of  the  chloride,  m 
mols  of  sulfuric  acid,  and  n  mols  of  chlorosulfonic  acid,  the  equilibrium  constant 
will  be  given  by  the  equation: 


after  equilibrium  has  been  reached,  in  accordance  with? 

RSO2CI  +  H2SO4  RSO3H  f  HSO3CI,  (III) 

1-x  m-x  X  +  x 

The  results  of  our  tests  are  summarized  in  Table  1,  which  shows  that  a 
state  close  to  that  of  equilibrium  is  attained  within  4  to  9  hoiirs  or  more,  Inas- 

TABLE  1 

The  state  of  equilibrium  between  p-toluenesulfo  acid  and  its  acid  chloride  at  0"' 


Test  Mols  used  per  mol  of  Mixture  reaction  Chloride  recovered.  Equilibrium 
No.  the  chloride _  time,  hours  ^  of  initial,  amount  constant,  K 


much  as  the  quantity  of  unchanged  chloride  remains  practically  constant  in  the  in¬ 
dividual  samples  of  any  single  run,  continued  for  various  periods  of  time.  Our 
observations  indicate  that  somewhat  more  time  is  required  to  reach  a  state  close 
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to  equilibrium  for  mixtures  containing  less  chlorosulfonic  acid,  so  that  in  Tests 
37  and  38  the  constants  were  computed  from  the  results  of  analysis  of  samples 
kept  for  22.  to  32  hours.  Our  experimental  results  also  indicate  that  the  equil¬ 
ibrium  constant  varied  somewhat  more  than  5^^  in  the  various  tests,  whereas  the 
sulfuric  -  chlorosulfonic  acid  ratio  varied  by  a  factor  of  I5.  The  quantity  of 
acid  chloride  converted  into  the  sulfo  acid  also  varied  throughout  a  wide  range: 
from  18  to  66^.  Using  the  value  of  the  equilibrium  constant  we  have  found,  the 
amount  of  the  sulfo  acid  may  be  calculated  from: 


X  = 


+  K  +  Km  ±  V(n  +  K  + 
2(K  -  1) 


Km 


-  4(k  -  l)Km 


(VI) 


Table  2  gives  the  amount  of  the  acid  chloride  (l  -  x),  as  computed  from 
this  equation,  together  with  the  mean  observed  experimental  values  after  a  state 
approaching  equilibrium  had  been  reached  (within  4-9  or  22-32  hours). 


TABLE  2 

Equilibrium  between  p=- toluene  sulfo 
acid  and  its  acid  chloride 


TABLE  3 

Equilibrium  of  the  reaction  between 
acetic  acid  and  alcohol 


Test 

No. 

Sulfo chloride  in  the 
mixture,  ^  of  the 
initial  amount 

Discrep¬ 
ancy,  ^ 

Mols  of 
alcohol 
used 

Mols  of 

ester 

Discrep¬ 
ancy,  io 

Observed 

Computed 

— ^ — 

Observed 

Computed 

0.5 

0,429 

0,423 

+0,6 

36 

81,9 

81,9 

0 

0,67 

0.546 

0,525 

+2.1 

39 

68,9 

73.9 

-5.0 

1,0 

0.665 

0,667 

-0,2 

33 

57,8 

60.6 

-2,8 

1.5 

0,779 

0,785 

-0.6 

34 

48,2 

46.1 

+2.1 

2,0 

0,828 

0,845 

-lo7 

37 

41o9 

37.5 

+4,4 

3  =  0 

0,882 

0,903 

-2.1 

58 

34,2 

29c2 

+5.0 

4,0 

0,902 

0,930 

-2.8 

5»4 

0.920 

0,949 

-2,9 

By  way  of  evaluating  these  results,  let  us  cite  the  classic  example  of 
equilibrium  in  liquid  systems  -  the  reaction  between  alcohol  and  acetic  acid  [1]. 
As  we  know,  the  equilibrium  constant  of  this  reaction  is  4,  We  see  in  Table  3 
that  the  discrepancy  between  the  computed  and  the  observed  values  is  as  much  as 
2,9^  in  the  esterification  reaction,  this  discrepancy  going  as  high  as  5^  in  our 
experiments  on  the  equilibrium  of  p-toluenesulfo  acid  and  its  acid  chloride. 

Aside  from  experimental  errors,  there  are  two  reasons  for  the  discrepancy 
between  the  computed  and  the  observed  values.  The  first  source  of  error  is  the 
partial  hydrolysis  of  the  chloride,  which  takes  place  when  the  reaction  mixture 
is  poured  over  the  ice;  this  has  been  demonstrated  in  our  tests,  described  in 
the  experimental  section  below.  The  second  source  of  error  is  the  partial  sulfo- 
nation  of  the  chloride  (or  of  the  sulfo  acid)  while  the  mixture  is  set  aside  to 
stand,  since  it  has  been  noticed  that  the  chloride  recovered  from  the  mixture 
has  a  lowered  melting  point  (about  60* ) ,  owing  to  the  formation  of  a  dlsulf o- 
chloride.  The  presence  of  the  latter  was  demonstrated  by  analyzing  the  chloride; 
after  hy>droiysls  it  required  more  0,1  N  alkali  than  it  should  have  accord¬ 

ing  to  calculation,  i,e,,  the  chloride  recovered  contained  about  4^  of  a  disulfo 
derivative , 

EXPERIMENTAL 

100^ ‘sulfuric  acid  was  prepared  from  oleum  by  driving  off  the  sulfuric  an¬ 
hydride  and  absorbing  the  chemically  pure  sulfuric  acid.  Analysis  of  the  result¬ 
ant  reagent  showed  that  it  contained  an  average  of  100,17^  of  H2SO4,  The 


chlorosulfonic  acid  was  distilled  at  86-89*  and  a  vacuum  of  22-55  01^5  it  was 
analyzed  by  titrating  a  weighed  sample  in  an  ampoule  with  0=1  N  alkali  solution. 
Since  the  equivalent  of  the  sulfuric  acid  was  that  of  the  chlorosulf¬ 

onic  acid  was  58«8^^  "the  percentage  of  sulfuric  acid  in  the  chlorosulfonic  acid 
can  be  calculated  to  determine  the  equivalent.  Titration  of  two  weighed  samples 
of  the  resulting  transparent  and  colorless  chlorosulfonic  acid  gave  its  equiva¬ 
lent  as  58.94  and  58. 91.  The  p-toluenesulfo  acid  was  purified  by  recrystallizing 
it  from  etherj  its  m.p.  was  69.5".  Before  Investigating  the  equilibrium  we  ran 
tests  to  determine  the  amount  of  the  chloride  that  was  hydrolyzed  when  the  mix¬ 
ture  was  poiired  over  ice  and  when  it  was  washed  on  the  filter.  This  was  done  by 
dissolving  a  weighed  sample  of  the  chloride  in  the  chlorosulfonic  acid,  pouring 
the  solution  over  ice,  filtering  out  the  chloride,  washing  it,  drying  it  in  a 
desiccator,  and  weighing  it.  The  test  results  listed  in  Table  4  indicate  that 
the  losses  due  to  hydrolysis  total  some  2^,  and  those  due  to  washing  some  0.4^. 
The  losses  of  the  chloride  during  washing,  without  dissolution  in  the  ch^lorosulf- 
onic  acid,  were  determined  from  Tests  25  and  28.  Our  measurements  Indicate  that 
the  losses  of  chloride  during  drying  in  the  desiccator  or  above  pieces  of  caustic 
soda  do  not  exceed  0.1^  of  the  initial  total. 

TABLE  4 


Losses  of  chloride  due  to  hydrolysis  and  washing  it  with  ice  water 


Test  No. 

Amount  taken  | 

Amount  of  water 
used  in  washing,  ml 

Losses  of  chlor¬ 
ide,  initial 

amount 

Chloride,  grams 

HSO3CI,  grams 

21 

1.061 

1.76 

120 

2.4 

26 

0.887 

1.76 

120 

2.9 

29 

0.937 

1.76 

120 

2,0 

25 

1.068 

- 

120 

0.4 

28 

0.755 

— 

120 

0.4 

The  acid  chloride  recovered  from  the  reaction  mixture  had  a  melting  point 
of  about  60",  since  it  underwent  partial  sulfonation  by  the  chlorosulfonic  acid, 
forming  a  dlsulfochloride.  The  presence  of  the  disulfochlor ide  was  detected  by 
using  0.1  N  alkali  to  titrate  a  weighed  sample  of  the  hydrolyzed  chloride,  which 
forms  two  equivalents  of  the  acid  upon  hydrolysis,  whereas  the  dlsulfochloride 
forms  four  equivalents  of  the  acid.  Samples  weighing  about  0.2  g  of  the  chlor¬ 
ide  were  first  hydrolyzed  in  a  sealed  tube  with  4  ml  of  water  and  1  ml  of  alco¬ 
hol.  The  solid  phase  usually  disappeared  after  heating  had  gone  on  for  4-5  houi's, 
but  heating  was  continued  for  8  to  48  hours  at  102*  and  for  50  hours  at  120* .  The 
test  results,  listed  in  Table  5^  show  that  hydrolysis  of  the  chloride  in  an  acid 
medium  does  not  go  to  completion  even  when  heating  is  continued  for  an  extraoi'd- 
inarily  long  time.  When  the  chloride  was  heated  with  a  0.1  N  solution  of  alkali 
(slightly  in  excess  of  the  calculated  quantity),  hydrolysis  was  completed  within 
5  hours  after  heating  ceased.  After  the  heating  with  alkali,  the  excess  of  the 
latter  was  titrated  back  with  a  0.1  N  solution  of  hydrochloric  acid,  a  correction 
(about  0.1  ml)  being  added  for  the  dissolving  of  the  glass,  as  determined  in  a 
special  test  by  heating  0.1  N  alkali  in  the  same  glass  container.  Comparison 
of  the  results  listed  in  the  last  vwo  columns  of  Table  5  shows  that  the  product 
recovered  from  the  equilibrium  mixture  contains  about  4'^  of  a  dlsulfochloride, 
which  was  one  of  the  sources  of  error  in  our  equilibrium  investigation. 

SUMMARY 

It  has  been  found  that  when  p-toluenesulfo  acid  is  heated  in  a  mixture  of 
chlorosulfonic  and  sulfuric  acids,  it  is  converted  into  a  sulfo  acid  until  the 
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TABLE  5 


Hydrolysis  and  Titration  of  p-Toluene  Sulfochloride 


Test 

No. 

Hydrolyzing  medium 

Tempera¬ 

ture 

Heating 

time, 

hours 

Amount  of  0.1  N  alkali  used 
(%  of  the  calculated  amount) 

Pure  chloride 

Recovered  chloride 

56 

Alcohol  and  water  . . 

102" 

8 

94.6 

100.7 

59 

Ditto  0 . 0 . . . .  0 . 0  0 , , . 

102 

25 

96.7 

100.8 

61 

Ditto  .  0 . . .  0 . . . .  0 . . . 

102 

kd 

97»6 

101.5 

66 

Ditto  ...  . . . . 

120 

30 

98,2 

103.5 

71 

0.1  N  alkali  . | 

100 

5 

99.5 

104.5 

72 

Ditto  . .  0 .....  0  ' 

100 

10 

99«2 

- 

chloride  and  the  sulfo  acid  reach  equilihrium,  which  depends  upon  the  amounts 
of  the  chlorosulfonic  and  sulfuric  acids  present.  The  equilibrium  constant  has 
been  found  to  be  l;.l8  at  0*.  The  composition  of  the  equilibrium  mixture  may  be 
computed  within  +  5^*  A  state  approaching  that  of  equilibrium  is  reached  within 
4  to  9  hours  or  a  little  longer. 
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THE  ACTION  OP  INHIBITORS  IN  THE  CATALYTIC  HYDROGENATION 


OP  SOME  ACETYLENIC  AND  ETHYLENIC  ALCOHOLS.  II 


Kh.  V.  Balyan 


It  is  common  knowledge  that  acetylenic-y-glycols  quickly  add  only  2  atoms 
of  hydrogen  per  molecule  of  the  glycol  in  the  presence  of  colloidal  palladium  [i], 
whereas  acetylenic  alcohols  add  4  atoms  of  hydrogen  and  are  readily  converted  in¬ 
to  saturated  alcohols  [2], 

The  problem  of  whether  acetylenic  alcohols  can  be  hydrogenated  with  colloid¬ 
al  palladium  under  conditions  that  make  it  possible  to  inhibit  the  process  abrupt¬ 
ly  after  the  first  two  hydrogen  atoms  have  been  added^  thus  giving  rise  to  an 
ethylenic  alcohol,  is  an  Interesting  one,  however. 

In  this  connection  it  was  useful  to  determine  what  influence  the  inhibitors 
would  have  on  the  hydrogenation  of  acetylenic  alcohols  -  whether  they  would  set  up 
the  necessary  favorable  conditions. 


Our  previous  researches,  in  association  with  Yu.S.Zalkind  [3],  covered 
tetramethylbutyldiol,  dimethylacetylenylcarbinol,  and  dimethylvinylcarblnol. 

We  found  that  when  these  compounds  were  hydrogenated  in  the  presence  of  colloidal 
palladium,  certain  substances,  such  as  copper  acetate,  lead  acetate,  ammonium 
thiocyanate,  and  thiourea,  slow  down  the  hydrogenation  in  varying  degree.  Potas¬ 
sium  cyanide,  sodium  arsenide,  sodium  arsenate,  and  nickel  and  cobalt  sulfates 
do  not  affect  the  reaction  rate  under  similar  conditions.  We  noticed  that  the 
hydrogenation  of  an  acetylenic  alcohol  was  less  sensitive  to  the  action  of  an 
inhibitor  than  the  hydrogenation  of  a  glycolj  the  hydi-ogenation  of  an  eth;ylenic 
alcohol  was  somewhat  more  sensitive  than  that  of  an  acetylenic  alcohol,  but 
less  so  than  that  of  a  glycol.  Moreover,  an  ethylenic  alcohol  used  in  ready  form 
was  hydrogenated  more  slowly  than  the  same  acid  formed  during  the  addition  reac¬ 
tion  of  two  atoms  of  hydrogen  to  an  acetylenic  alcohol.  There  was,  therefore,  no 
doubt  about  the  somewhat  selective  nature  of  the  action  of  these  inhibitors. 

On  the  other  hand,  we  surmised,  from  our  observations,  that  an  inhibitor 
acted  upon  the  substance  to  be  hydrogenated,  rather  than  upon  the  catalyst.  We 
assumed  that  the  inhibitor  (l)  formed  an  adsorption  or  chemical  compound  with 
the  reacting  substance  (S),  the  resulting  compound  being  able  to  dissociate  as 
follows?  I  +  S  .S±  IS,  We  conjectured  that  these  compounds  arise  from  the  ac¬ 
tive  form  of  the  acetylenic  or  ethylenic  alcohol  and  the  unshared  electron  pairs 
of  the  elements  constituting  the  Inhibitor. 

We  decided  to  continue  our  research,  with  the  objective  of  ascertaining 
the  influence  of  other  substances  as  inhibitors  as  well  as  the  manner  of  their 
action.  Starting  with  the  foregoing  conjecture  that  substances  possessing  atoms 
with  unshared  electron  pairs  ought  to  act  as  inhibitors  of  the  hydrogenation  of 


acetylenic  and  ethylenic  alcohols  in  the  presence  of  colloidal  palladiiom,  we 
chose  for  our  first  tests  thiocyanogen  derivatives:  benzene  thiocyanate,  p-thio- 
cyanoanlline,  p-thiocyanochlorobenzene,  and  a-naphtholthiocyanate ,  plus  chloro¬ 
benzene  for  the  sake  of  comparison.  At  the  same  time  we  investigated  the  effect 
of  benzene,  aniline,  naphthalene,  a-naphthol,  3-naphthol,  and  the  methyl  ester  of 
the  latter  to  determine  the  part  played  by  the  aromatic  radical  attached  to  the 
thiocyanogen  group.  The  following  acetylenic  alcohols  were  hydrogenated:  2-methyl- 
3-butynol-2  and  3-methyl-l-pentynol-3;  the  ethylenic  alcohols  hydrogenated  were: 
2-methyl-5-butenol-2 ^  3-methyl  -l-pentenol-3.  For  the  sake  of  brevity,  we  shall 
call  these  alcohols  henceforth  methylbutynol,  methylpentynol,  methylbutenol ,  and 
methylpentenol,  respectively.  The  catalyst  was  prepared  by  dissolving  palladium 
in  aqua  regia  and  then  evaporating  the  solvent}  gum  arable  served  as  the  protect¬ 
ive  colloid  [4],  Colloidal  palladium  was  prepared  in  a  single  batch  for  a  series 
of  tests,  its  action  being  tested  by  hydrogenating  tetramethylbutynediol  (the 
acetylenic  y-glycol  on  which  the  most  research  has  been  done  in  this  regard)  and 
a  corresponding  alcohol  without  the  use  of  an  Inhibitor. 

The  concentration  of  the  palladium  solution  was  determined  by  evaporating 
a  sample,  calcining  the  residue,  and  weighing  the  metallic  palladium.  The  solu¬ 
tion  was  adjusted  to  contain  1  mg  of  palladium  per  ml  of  solution.  The  resulting 
colloidal  solutions  were  stable. 

TABLE  1 

Methylbutynol  dissolved  in  distilled  water:  0.84  g  methylbutynol  (O.Ol 
mol  ) }  3  nig  Pd}  and  ^0  ml  of  water 


Addition  time  without  inhibitor:  13  minutes  for  2  H}  30  minutes  for  4  H 


Amount  of 

Conclusion 

Inhibitor 

inhibitor 

of  methyl¬ 
butynol) 

2H 

4h 

Inhibition 

During  first 
half 

During  second 
half 

Phenyl  mustard 
oil. ......... 

0.007 

16 

30 

Almost  imper- 
cept ible 

Imperceptible 

a-Naphtholthio- 
cyanate ....... 

j 

1  0.048 

[  0.095 

16 

44 

36 

75^  ill  90 
minutes 

Very  slight 

3.4  times 

Very  slight 

Greatly  in¬ 
hibited 

The  experiments  were  run  in  ai specially  equipped  thermostat  cabinet  at  20°. 
The  hydrogen  was  produced  by  electrolyzing  a  10^  solution  of  sodium  hydroxide. 
Hydrogenation  was  effected  in  a  long-necked  flask  with  a  side  branch  tube  that 
reached  to  the  middle  of  the  flask.  The  flask  was  rocked  at  a  constant  rate  — 

120  per  minute.  In  each  experiment  we  used  0.01  mol  of  the  alcohol  under  test, 

50  ml  of  solvent,  and  3  or  5  Pg  of  palladium.  The  tests  and  comparisons  were 
run  separately  for  hydrogenation  with  3  mg  and  5 ,mg  of  palladium.  The  alcohols 
to  be  hydrogenated  were  purified  by  repeated  distillation.  Methylbutynol  had  a 
b.p.  of  103-105^}  methylbuitenon  a  b.p.  of  98-99’“ 'J'  methylpentynol  a  b.p.  of  119- 
120°}  and  methylpentenol  a  b.p.  of_ 114-115° .  All  the  inhibitors  and  additives 
useU  were  chemically  pure.* 

We  performed  a  few  tests  in  aqueous  solution.  Most  of  the  hydrogenation 
runs  were  made  in  a  solution  of  ethyl  alcohol.  The  results  of  our  investigations 
are  given  in  several  tables. 

Table  1  indicates  that  a-naphthol  thiocyanate  is  a  powerful  inhibitor  when 
taken  in  0.095^  by  weight  of  the  acetylenic  alcohol,  inhibiting  the  addition  of 

Some  substances  wete  kindly  made  available  to  us  by  A.  I.  Kulikov. 
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hydrogen  to  methylbutynol  very  markedly  dijring  the  second  half  of  the  hydrogena¬ 
tion  period,  i.eo,  during  the  transformation  of  the  double  bond  into  a  single  one^ 
Phenyl  mustard  oil,  in  very  low  concentration  (0<,007^  of  the  alcohol),  has  prac¬ 
tically  no  effect  upon  the  rate  of  hydrogenation  of  methylhut-'/nol  in  aqueous  solu¬ 
tion. 

This  same  acetylenic  alcohol  (methylbutjmol )  was  then  hydrogenated  in  an 
ethyl  alcohol  solution  with  5  and  with  3  mg  of  palladium.  (Tables  2  and  3) » 

TABLE  2 

Methylbutynol.  dissolved  in  ethyl  alcohols  0.84  g  of  methylbutynol 
(OoOl  mol  )  °,  5  mg  of  Pdj  and  50  ml  of  ethyl  alcohol 


Addition  time  without  Inhlblj 

tor ;  5  mlr: 

,  for  2  H; 

;  10  ffi,in  for 

4  H, 

Amount  of 

Addition  time. 

Conclusion 

Inhibitor 

inhibitor 

minutes 

Inhibition 

iio  of  meth¬ 
ylbutynol) 

2H 

4h 

During  1 
first  half 

During  sec 
ond  half 

Benzene  , 

0,357 

7-8 

15 

1,5  times 

1,5  times 

Aniline  . 

23.8 

6 

18 

Almost  im- 

1,8  times 

Chlorobenzene 

0,048 

12 

47 

perceptible  1 
2,4  times 

4,7  times 

Benzene  thiocyanate. , , , , 

0,024 

Up  to  49^ 

Up  to 

Quite 

Quite 

in  60  min. 

2k, in 
60  min. 

great 

great 

p-ThiocyanOchlorobenzene 

0,238 

38,4^  in 
80  min. 

19c 2^  in 

80  min. 

Very 

great 

Very  great 

p-Thiocyanochlcrobenzene 

0,048 

33 

! 

Up  to 
71.3^  in 

6,6  times 

Very  great 

70  min. 

p-Thiocyanoaniline, , . , , . 

0,024 

14 

30 

2,8  times 

3  times 

Inspection  of  the  data  in  Table  2  indicates  that  chlorobenzene,  benzene, 
thiocyanate,  p-thiocyanochlorobenzene,  and  p-thiocyanoar3iI ine  are  quite  active 
inhibitors  of  the  hydrogenation  of  methylbutynol  when  used  in  amounts  of  0.2  mg 
or  0o4  mg  per  0.01  mol  of  the  methylbutynol  (0o024^  or  0-046^  by  weight  of  the 
acetylenic  alcohol),  When  5  mg  of  palladium  is  used,  this  alcohol,  without  an 
Ir.hibi+or,  adds  2  atoms  of  hydrogen  per  molecule  of  the  alcohol  in  3  minutes, 
adding  4  atoms  in  10  minutes.  With  the  same  quantity  of  catalyst  as  before,  but 
with  0,2  mg  of  benzene  thiocyanate  (0.024^  of  the  alcohol)  present,  only  2k, 
of  the  quantity  of  hydrogen  required  for  conversion  to  a  saturated  alcohol  was 
added  in  60  minutes.  Though  chlorobenzene  and  p~thiocyanochlorobenzene  slow  dowi.. 
the  reaction  rate  more  effectively  during  the  second  half  of  tne  hydrogenation 
period  tha.n  during  the  first,  their  action  is  not  ds  pronounced  during  the  hydro¬ 
genation  of  an  acetylenic  y-glycol,  as  we  saw.  In  other  words,  though  we  see  a 
clearly  selective  action  of  some  of  the  substitiients ,  this  selectivity  is  still 
not  marked  enough.  These  tests  likewise  show  that  p-thiocyanochlorobenzene  is  a 
stronger  inhibitor  than  benzene  thiocyanate,  and  that  the  latter  is  stronger  than 
chlorobenzene. 

Aniline,  even  when  used  in  very  large  quantities,  such  as  200.0  mg  per 
0,84  g  of  methylbutyn.ol  (23.8^  of  the  alcohol,  4,000,0'j(i  of  the  palladium.)  did  not 
retard  hydrogenation  during  the  first  half,  while  its  Inhibiting  action  was  slight 
during  the  second  half.  Nor  can  benzene  be  considered  an  inhlbitor|  though  it 
does  effect  some  cel^y  in  hydrogenation,  this  delay  is  produced  only  when  it  is 


used  in  rather  large  quantities:  5  mg  of  benzene  per  0.01  mol  of  the  alcohol 
slows  hydrogenation  down  by  a  factor  of,  say,  1^  ,  whereas  the  substances  that 
we  regard  as  inhibitors  produce  an  appreciable  retardation  of  the  hydrogenation 
rate  when  added  in  quantities  that  are  10  to  20  times  less  than  that.  Hence¬ 
forth  we  shall  not  regard  substances  that  act  like  aniline  or  benzene  as  inhib¬ 
itors. 


TABLE  3 

Methylbutynol  dissolved  in  ethyl  alcohol:  0,84  g  methylbutynol  (O.Ol 
{O.Ol  molO 5  3  mg  Pdj  and  5^  ml  ethyl  alcohol 


Addition  time  without  inhibitors  7  minutes  for  2  H;  12-15  minutes  for  4H.. 


Inhibitor 

Amount  of  ' 

"|[diiifrfon  time. 

CoELclusion  ■_ 

inhibitor 

minutes 

•'Inhibition 

of  meth¬ 
ylbutynol  ) 

•''2H  • 

4h 

Dur  ing  firsts,  , , 
half 

Dur  ing^-aegond 
half 

Naphthol  thiocyan¬ 
ate.  ,,,,,...0,0., 

0.048 

7  . 

85 

Imperceptible 

6-7  times 

Naphthalene. ....... 

0.048 

5 

10-12 

Some  acceler- 

Some  acceler- 

a-Naphthol. ........ 

0.048 

5 

10 

at  ion 

Ditto 

ation 

Ditto 

3 -Naphthol. . . . 

0.095 

5 

12 

Ditto 

Ditto 

Methyl  ester  of 

3 -naphthol  ...... 

0.095 

4 

9 

50^  acceler- 

50^  acceler- 

Phenyl  mustard  oil. 

0.007 

7 

17 

ation 

Almost  imper- 

ation 

Hardly  notice- 

Phenyl  mustard  oil.  ^ 

0,0l4 

;  8 

23 

ceptible 

Hardly  notice- 

able 

1.5-2  times 

Phenyl  mustard  oil. 

0.024 

i  18 

35 

able 

3  times. 

2.5-3  times 

The  data  in  Table  3  show  that  a-naphthol  thiocyanate  and  phenyl  mustard 
oil  are  active  inhibitors  of  the  hydrogenation  of  methylbutynol  with  colloidal 
Pd,  the  former  displaying  more  selectivity  that  the  latter  in  reducing  the  rate 
of  hydrogenation  of  the  triple  and  double  bonds.  When  0.4  mg  of  a-naphthol  thio¬ 
cyanate  is  added  to  0.01  mol^  of  methylbutynol  (0,048^  of  the  alcohol)  in  the 
presence  of  3  mg  of  colloidal  palladium,  it  has  hardly  any  effect  upon  the  rate 
at  which  hydrogen  is  added  at  the  triple  bond,  though  it  reduces  the  rate  at 
which  the  ethylenic  bond  is  converted  into  a  single  bond  by  a  factor  of  6-7.^ 

This  is  even  more  clearly  seen  in  Fig.  1,  in  which  the  amount  of  hydrogen  ab¬ 
sorbed  by  the  acetylenic  alcohol  is  laid  off  on  the  axis  of  ordinates  in  per 
cent  of  4  atoms  of  hydrogen  per  molecule  of  the  alcohol,  with  the  time  in  min¬ 
utes  laid  off  on  the  axis  of  abscissas. 

The  abruptness  of  the  bend  in  the  curve  occurring  after  2  atoms  of  hydro¬ 
gen  had  been  added  per  molecule  of  the  alcohol  is  less,  however,  than  when  an 
acetylenic  yglycol  was  hydrogenated  with  Pd  [i]. 

The  experimental  results  listed  in  Table  3  likewise  indicate  that  naphtha¬ 
lene,  a-  and  3-naphthol,  and  the  methyl  ester  of  the  latter  are  not  inhibitors; 
on  the  contrary*,  they  accelerate  hydrogenation  somewhat,  this  being  especially 
true  of  the  ester  of  3-naphthol, 

The  next  series  of  tests  was  run  with  methylpentynol.  The  results  are 
—  “  —  —  —  —  —  _  —  _  —  —  — 

Aftei’  f.fr,  li>(.roe;en  had  been  added  nb  reaction  is  obtained  with  a  silver  reagent  for  a  triple  bond.  Bromine 
water  is  decolorized.  ■ 


el 


^  f  ff  10  iff  20  25 


0  fi  20  »  W  »  dO  70 


I-Me^hylbutynol  and  3  mg  of  Pd  in  al' 
coholic  solution  Il-the  same,  plus 
0,4  mg  of  Ynaphthol  thiocyanate. 


I-Methylpentynol  and  5  mg  of  Pd  in  an 
alcoholic  solution,  II, -the  same,  plus 
0.4  mg  of  thiocyanoaniline. 


listed  in  Table  4,  They  show  that  benzene  thiocyanate,  p-thiocyanochlorobenzene, 
phenyl  mustard  oil,  thiocyanoaniline,  and  a-naphtholthiocyanate  are  all  inhibitors 
of  this  reaction,  causing  about  the  same  retardation  as  in  the  hydrogenation  of 
methylbutynol.  Only  benzene  thiocyanate  and  p-thiccyanochlorobenzene  exhibited 
greater  inhibitory  action  than  in  the  reaction  with  methylbutynol. 

TABLE  4 

0.09  g  methylpentynol  (O.Ol  mol  );  50  ml  alcohol;  5  mg  Pd 
Addition  time  without  inhibitor:  4-5  minutes  for  2H;  9-11  minutes  for  4h. 


Amount  of 

Addition  time, 

Conclusion 

Inhibitor 

inhibitor 

minutes 

Inhibition 

of  meth¬ 
ylpentynol) 

2H 

4h 

During  first 
half 

During  second 
half 

Benzene  thiocyanate 

1 

0.20 

12 

55 

2.5-3  times 

5-6  times 

1 

.  0.04l 

25 

Up  to  69.2^ 
in  55  min. 

5-6  times 

Great 

p-Thiocyanochloro- 

. 

f  0.20 

15 

40 

2.5-3  times 

4  times 

benzene. 

( 

0.04l 

IT 

65 

3.5-4  times 

6-7  times 

Phenyl  mustard  oil. 

0.020 

7 

Up  to  88.6^ 
in  22  min. 

Si ignt 

2,5-3  times 

Thiocyanoaniline, . . 

0.04l 

13 

90 

2.5-3  times 

8-10  times 

a-Na-nttholthiocyan- 

• 

"0.020 

9 

30 

1.5-2  times 

2.5-3  times 

aue. 

0.041 

23 

48 

4-5  times 

4.5-5  times 

We  should  also  like  to  call  the  reader's  attention  to  one  interesting  con¬ 
clusion  that  follows  from  a  comparison  of  the  data  in  Tables  3  and  4:  in  the  hydro¬ 
genation  of  methylbutynol  it  was  a-naphthol  thiocyanate  that  exhibited  an  outstand¬ 
ing  selective  effect,  while  it  was  p-thlocyanoaniline  that  produced  this  effect  in 
the  reaction  with  methylpentynol.  The  selective  nature  of  its  action  is  clearly 
shown  in  Fig.  2.* 

We  secured  the  corresponding  methylbutenol  and  methylpentenol  by  breaking 
off  the  hydrogenation  of  methylbutynol  in  the  presence  of  d-naphthol  thiocyanate 
and  that  of  methylpentynol  in  the  presence  of  p-thiocyanoaniline  after  55^  of  the 
hydrogen  required  for  4  atoms  of  hydrogen  per  molecule  of  the  alcohol  had  been 
added,  the  yields  being  80-85^  of  the  theoretical. 

Tables  5^  6,  8^  and  9  list  the  data  on  the  effects  of  the  substances 


A  test  for  a  triple  bond  with  a  silver  reagent  was  negative  after  ,5%  of  the  hydrogen  had  been  absorbed. 
Bromine  water  was  decolorized. 


TABLE  5 

0.86  g  methylbutenol;  5O  ml  distilled  water;  3  mg  Pd 
Addition  time  without  inhibitor  for  2H:  20  minutes 


investigated  above  on 
the  hydrogenation  of  the 
ethylenic  alcohols  — 
methylbutenol  and  meth- 
ylpentenol  -  in  aqueous 
solution  and  in  ethyl- 
alcohol  solution,  with 
3  and  5  mg  of  palladium. 

Our  experiments  have 
shown  that  the  substances 
(aniline,  benzene, 
naphthalene,  a-  and  3- 
naphthol,  and  the  methyl 
ester  of  the  latter) 
that  proved  to  be  inert 

with  the  acetylenic  alcohols  do  not  act  as  inhibitors  here  either  (for  the  sake  of 
brevity  we  have  not  listed  data  on  these  substances  in  the  tables),  whereas  the 
inhibitors  tested  above  for  methylbutenol  and  methylpentenol  (chlorobenzene,  p- 
thiocyanochlorobenzene,  p-thiocyanoaniline,  phenyl  mustard  oil,  and  a-naphthol 
thiocyanate)  proved  to  be  active  with  the  ethylenic  alcohols. 


Inhibitor 

Amount  of 
Inhibitor 
(^  ‘methyl- 
butenol) 

Addition  time 
for  2H, 
minutes 

Conclusion 

a-Naphthol- 

'0.023 

Up  to  7^*5^  in 

Rather  appre- 

thiocyan- 

30  min. 

ciable  retard 

ate  . . 

1 

at  ion 

0.046 

Up  to  70-3^  in 

Considerable 

120  min. 

retardation 

TABLE  6 

0.86  g  Methylbutenol  (O.Ol  mol  );  50  ml  alcohol;  5  mg  Pd 
.  Addition  time  for  2H  without  inhibitors  8  mlnu^tes 


Inhibitor 

Amount  of 
inhibitor 
(^  of  methyl¬ 
butenol) 

Addition  time 
for  2H,  in 
minutes 

Conclusion 

Thiocyanoaniline. , . 

0.023 

I2O-I5O; 

Up  to  88.8%  in 
120  min. 

Very  considerable 
inhibition 

Thiocyanochlorobenzene . 

0.023 

20-25;  Up  to 
88.0%  in  20  min. 

Retarded  2.5-3  times 

Chlorobenzene . 

0.023 

12 

Retarded  I.5  times 

Chlorobenzene . . . . . . . . 

0,046 

15 

Retarded  2  times 

TABLE  7 

0,86  g  Methylbutenol;  50  ml  alcohol;  3  mg  Pd 


Addition  time  for  2H  without  inhibitor:  10-12  minutes 


Inhibitor 

Amount  of  in¬ 
hibitor  (%  of 
methylbutenol ) 

Addition  time 
for  2H,  in 
minutes 

Conclusion 

a-Naphthol  thiocyanate.,.. 

0,046 

Up  to  13*0^  in 

15  minutes 

Considerable 

inhibition 

Phenyl  mustard  oil 

[  0,046 
'  0,012 
^  0.0046 

0,0^  in  40  min. 

115-125 

5O-6O;  88%  in 

60  min. 

Complete  poisoning 
Retarded  10-12  times 
Retarded  5-6  times 

Aniline  displayed  practically  no  inhibiting  effect.  When  the  same  alcohol 
was  hydrogenated  with  5  mg  of  Pd,  2H  were  added  in  I5  minutes;  this  took  20-25 
minutes  with  3OO.O  mg  of  aniline  (3^ <>9^  of  the  alcohol  being  hydrogenated,  or 
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TABLE  8 


loO  g  methylpentenol  (O.Ol  mol  );  50  ml  alcohol,  5  nig  Pd 


Addition  time  for  2H  without  inhihitori  6  minutes 


Amount  of  inhib- 

Addition  time 

Inhibitor 

Itor  (^  of  methyl¬ 
pentenol) 

for  2H,  in 
Minutes 

Conclusion 

Benzene- 

r 

0.02 

l6,6'5^l  in  70  min. 

1  Very  considerable  in- 

thiocyanate. . , 

V 

0,02 

24,9^  in  85  min. 

y  hlbitlon 

p-Thiocyano- 

anillne, 

1 

[0.04 
[  0.02 

3o3^  in  27  min. 

70 

J  ^ 

Very  considerable  inhi¬ 
bition 

Retarded  12  times 

p-Thiocyano- 
chlorobenzene , 

r  0,02 

0.04 

L  0.04 

10 

97 

16,0^  in  8  min. 

Retarded  I.7  times 

1  Retarded  16  times 

TABLE  9 

loO  g  Methylpentenol  (0,01  mol  )j  50  ml  alcoholj  3  mg  Pd 
Addition  time  for  2H  without  inhibitor:  10  minutes 


Inhibitor 

Amount  of  Inhib¬ 
itor  (^  of  methyl¬ 
pentenol) 

Addition  time 
for  2H,  in 
minutes 

Conclusion 

Phenyl  mustard 

J 

[  0.02 

7,6^  in  35  min. 

Very  considerable  in¬ 
hibition 

oil, 

1 

[  0.01 

23 

Retarded  2,3  times 

a-Naphthol  thio¬ 
cyanate 

0,04 

30.2^  in  75  min. 

Very  considerable  in¬ 
hibition 

6000^  of  the  Pd), 

As  we  see  from  our  tests  of  other  inhibitors,  we  never  had  to  resort  to 
such  high  percentages.  Inhibitory  action  was  usually  manifested  with  hundredths 
of  a  percent,  or  at  times  with  tenths  of  a  percent  of  the  inhibitor  by  weight  of 
the  substance  being  hydrogenated.  With  aniline,  however,  no  inhibition  was  ob¬ 
served  even  when  Integral  percentages  were  employed,  the  hydrogenation  rate  being 
slowed  down  somewhat  only  under  the  conditions  specified  (about  35^  of  the  alcohol). 
This  explains  why  we  do  not  regard  aniline  as  an  inhibitor,  compared  to  the  other 
substances  tested. 

By  way  of  an  example  of  the  inhibitory  action  of  p-thiocyanoaniline,  we  re¬ 
produce  in  Fig.  3  curves  for  the  hydrogenation  of  methylbutenol  and  methylpent¬ 
enol  with  and  without  the  inhibitor.  The  hydrogen  added  is  plotted  along  the 
azis  of  ordinates  as  per  cent  of  2  atoms  of  hydrogen  per  molecule  of  the  alcohol; 
the  abscissas  are  the  time  in  minutes. 

Comparison  of  the  data  in  Tables  4,  8,  and  9>  In  Tables  2  and  6,  and  in 
Table  3  and  7  indicates  that,  as  we  stated  in  our  first  paper  [3],  inhibitors  are 
more  effective  in  the  hydrogenation  of  ethylenic  alcohols  than  in  that  of  acetyl¬ 
enic  alcohols.  On  the  other  hand,  as  we  also  pointed  out  at  the  time,  a  ready 
ethylenic  alcohol  is  hydrogenated  more  slowly  than  the  same  alcohol  at  the  instant 
of  its  formations  adding  the  first  two  hydrogen  atoms  to  methylbutynol  was  com¬ 
pleted  within  5  tainutes  when  5  mg  of  Pd  was  present,  the  next  two  atoms  of 


hydrogen  being  added  to  the  resultant  ethylenic  alcohol  in  5  minutes  as  well. 
Under  similar  conditions,  the  ready  ethylenic  alcohol  (methylhutenol)  was  hyd¬ 
rogenated  to  a  saturated  alcohol  in  8  minutes.  This  singularity,  apparently, 
interferes  with  the  pronounced 

manifestation  of  the  ahove-men-  „ 

tioned  selective  f»ffect  of  the  ®  »• 

inhibitor  on  acetylenic  and  ll 

ethylenic  alcohols  (the  bend  in  -ff 

the  curve  after  two  atoms  of  60  "f  X 

hydrogen  have  been  added  per  ^  J  p  X*''"***'^ 

mol  of  the  alcohol  is  not  al-  \ 

ways  sharp) .  ® 


Fig.  5. 

I- Me thy Ibu tend  in  alcoholic  solution  with  5  mg  of  Pd; 

II- the  same,  plus  0.2  mg  of  p  thiocyanoaniline;  III- 
methylpentenol  in  alcoholic  solution  with  5  mg  of  Pf; 
IV- the  same,  plus  0.2  mg  of  p- thiocyanoaniline. 


The  mechanism  of  Inhib-  9  ^  ^  ib  '  ^  'jO 

itor  action  requires  particular 
attention  and  study,  owing  to 

the  complexity  of  the  processes  Fig.  5- 

involved  in  hydrogenation.  In  I-Methylbutenol  in  alcoholic  solution  with  5  mg  of  Pd; 

our  first  paper  [a]  we  pointed  Il-the  same,  plus  0.2  mg  of  p  thiocyanoaniline;  III- 

out  that  opinions  differ  as  to  solution  with  5  mg  of  P«; 

^  IV- the  same,  plus  0.2  mg  of  p- thiocyanoaniline. 

the  nature  of  this  mechanism. 

Some  research  workers  assume  that 

the  inhibitor  acts  upon  the  catalyst  in  some  way  or  other,  reducing  its  activity. 
Others  consider  that  double  compounds  with  the  reagent  may  be  formed.  At  the 
time  we  expressed  the  conjecture,  in  conformity  with  certain  authors  (Taylor,  for 
instance  [s]),  that  it  is  hard  to  give  a  universal  explanation  and  that  each  in¬ 
dividual  case  requires  study  if  it  is  to  be  assigned  to  one  series  or  another. 

Our  past  tests  led  us  to  conclude  that  the  action  of  inhibitors  in  the  hydrogen¬ 
ation  of  acetylenic  and  ethylenic  alcohols  is  due  to  the  interaction  of  the  in¬ 
hibitor  with  the  substance  being  hydrogenated,  rather  than  with  the  catalyst.  Vb 
returned  to  this  problem  in  the  present  investigation.  Our  deductions  from  a 
series  of  tests  again  led  us  to  the  same  conclusion;  in  the  hydrogenation  of 
acetylenic  and  ethylenic  alcohols  an  inhibitor  renders  the  substance  being  hydro¬ 
genated  inert.  In  fact,  when  a  new  batch  of  the  alcohol  is  added  after  the  hyd¬ 
rogenation  reaction  of  an  acetylenic  or  .ethylenic  alcohol  has  been  inhibited, 
hydrogenation  is  accelerated,  the  hydrogen  being  fully  added  to  the  original  al¬ 
cohol  as  well  as  to  the  newly  added  batch. 

For  example,  0.095"]^  of  a-naphthol  thiocyanate  greatly  inhibits  the  addi¬ 
tion  of  hydrogen  to  methylbutynol,  only  8-10  ml  of  hydrogen  being  absorbed  per  5 
minutes  during  the  first  64  minutes  after  the  reaction  set  in,  but  as  soon  as 
0.001  mol  of  the  same  acetylenic  alcohol  had  been  added  to  the  reaction  flask, 
the  hydrogenation  rate  rose,  47  ml  of  hydrogen  being  added  during  the  same  5  min¬ 
utes,  or  96.4^  of  the  total  hydrogen  required  to  convert  the  added  batch  of  alco¬ 
hol  into  a  saturated  alcohol.  Another  example;  0.023“??)  of  benzene  thiocyanate 
affected  the  hydrogenation  process  so  profoundly  that  no  hydrogen  at  all  was 
added  during  15  minutes.  Adding  a  new  batch  of  the  catalyst  (lOO^  of  the  ini¬ 
tial  quantity)  produced  practically  no  acceleration,  only  9  ml  of  hydrogen  (3 -6^ 
of  4h)  being  added  during  30  minutes.  Another  experiment  was  even  more  strik¬ 
ing;  0,023“??)  of  phenyl  mustard  oil  caused  very  considerable  inhibition  of  the 
addition  of  hydrogen  to  methylhutenol,  only  6  ml  (2.6^  of  2H)  being  added  during 
35  minutes.  All  we  had  to  do,  however,  was  to  add  O.5  ml  of  the  acetylenic  al¬ 
cohol  to  the  hydrogenation  flask  for  the  reaction  to  be  accelerated  considerably: 
250  ml  of  hydrogen,  i.e.,  101.4^  of  the  quantity  required  to  convert  the  triple 
bond  into  a  single  bond,  was  added  within  35  minutes.  But  the  reaction  did  not 
stop  there.  Hydrogen  continued  to  be  added  to  the  ethylenic  alcohol  at  a  rather 
high  rate;  another  120  ml  of  hydrogen  was  added  during  the  next  35  minutes,  after 
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which  hydrogenation  continued  at  the  rate  of  10  ml  of  hydrogen  per  5  minutes. 

The  following  experiments  were  especially  convincing  in  this  respect.  The  hydro¬ 
genation  of  0.01  mole  of  methylpentenol  was  greatly  retarded  by  the  presence  of 
0.02*^  of  benzene  thiocyanate  by  weight  of  the  substance  to  be  hydrogenated:  only 
6l  ml  of  hydrogen  (24.9^  of  the  quantity  computed  to  be  required  for  a  single 
bond)  being  added  within  85  minutes.  The  reaction  sped  up  considerably  after 
only  0,0088  mole  of  the  acetylenic  alcohol  (methylpentynol)  was  added;  415  “il 
hydrogen  (96.3^  of  the  calculated  4h  for  the  added  batch  of  the  acetylenic  alco¬ 
hol)  was  added  within  20  minutes,  another  134  ml  of  hydrogen  being  added  during 
the  next  35  minutes  to  the  initial  batch  of  the  ethylenic  alcohol  (95^  of  the 
quantity  required  for  conversion  into  a  saturated  alcohol) . 

Phenyl  mustard  oil  totaling  0.02^  by  weight  of  the  alcohol  to  be  hydrogen¬ 
ated  greatly  Inhibited  the  addition  of  hydrogen  to  methylpentenol:  only  19  ml  of 
hydrogen  was  absorbed  during  35  minutes.  All  we  had  to  do,  however,  was  to  add 
0.005  mole  of  methylpentynol  to  the  hydrogenation  flask  for  the  reaction  to 
speed  up  considerably;  2l8  ml  of  hydrogen  was  added  in  30  minutes,  and  289  ml  in 
45  minutes,  i.e,,  99^  of  the  four  atoms  of  hydrogen  theoretically  required  for 
converting  the  added  acetylenic  alcohol  into  a  saturated  alcohol.  The  absorp¬ 
tion  of  hydrogen  continued  at  a  rate  of  some  30  ml  per  10  minutes.  Still  another 
example;  0.01  mole  of  methylpentenol  was  hydrogenated  in  the  presence  of  0.4  mg 
of  jp-thiocyanochlorobenzene  (0.04^  by  weight  of  the  alcohol),  lor.  was 

extremely  slow:  only  40  ml  of  hydrogen  was  ahsoj:'.-*:.-^*  S  mirntes  Af'^'er  O-.OO9 
mole  of  the  actylenic  alcohol  (methylpentynol)  had  been  added  to  the  reaction 
flask,  the  hydrogenation  rate  Increased  abruptly:  430  ml  of  hydrogen,  i.e,,  97"8^ 
of  the  quantity  theoretically  required  for  converting  the  acetylenic  alcohol 
into  a  saturated  alcohol,  was  added  within  10  minutes.  Nor  did  the  absorption 
of  hydrogen  cease  therewith;  another  210  ml  of  hydrogen,  i.e,,  practically  as 
much  as  was  needed  to  convert  the  initial  batch  of  the  ethylenic  alcohol  into  a 
saturated  alcohol,  was  added  during  the  ensuing  25  minutes. 

All  this  indicates  that  the  palladium  remains  active,  the  inhibitor  af¬ 
fecting  the  substance  being  hydrogenated.  Not  finding  any  other  explanation  for 
the  present,  we  shall  retain  the  hypotheses  set  forth  above,  that  the  inhibitor 
(l)  forms  an  adsorption  or  chemical  compound  with  the  substance  to  be  hydrogen¬ 
ated  (s)  and  that  this  compound  may  be  dissociated:  I  +  S  ^  IS.  The  rates  of 
the  direct  and  reverse  reactions  determine  the  inhibitory  action  of  the  subs¬ 
tances  added  during  hydrogenation. 

SUMMARY 

An  investigation  has  been  made  of  the  effect  of  inhibitors  -  chlorobenzene, 
benzene  thiocyanate,  p-thiocyanochlorobenzene,  p-thlocyanoaniline,  phenyl  mustard 
oil,  and  a-naphthol  thiocyanate  -  upon  the  hydrogenation  of  acetylenic  and  ethyl¬ 
enic  .alcohols  in  the  presence  of  colloidal  palladium,  using  various  concentrations 
of  these  inhibitors.  Under  identical  conditions,  benzene,  aniline,  naphthalene 
a-naphthol,  3-^aphthol,  and  the  methyl  ester  of  the  latter  either  do  not  affect 
the  hydrogenation  process  at  all  or  even  accelerate  it  somewhat,  as  is  the  case 
with  the  methyl  ester  of  3-naphthol,  The  effect  of  the  inhibitors  upon  the  hyd¬ 
rogenation  of  acetylenic  and  ethylenic  alcohols  differs  with  the  conditions  em¬ 
ployed,  Hydrogenation  of  the  latter  alcohols  is  more  affected  by  the  use  of  in¬ 
hibitors  than  that  of  the  former.  Moreover,  ethylene  alcohols,  used  in  the  ready 
state,  are  hydrogenated  more  slowly  than  the  same  alcohols  formed  during  the  addi¬ 
tion  of  hydrogen  to  acetylenic  alcohols. 

The  inhibitors  a-naphthol  thiocyanate  (for  methylbutynol)  and  p-thiocyano- 
aniline  (for  methylpentynol)  exhibited  the  most  selective  action  in  the  hydrogen¬ 
ation  of  acetylenic  alcohols.  These  inhibitors  may  be  employed  for  the  incomplete 
hydrogenation  of  these  alcohols  to  methylbutenol  and  methylpentenol,  respectively. 


The  inhibitors  act,  it  seems,  upon  the  substance  to  be  hydrogenated  rather  than 
upon  the  catalyst. 

The  results  secured  give  reason  to  expect  that  in  our  future  research  we 
shall  be  able  to  hit  upon  even  more  selective  inhibitors,  which  will  enable  us  tD 
hydrogenate  acetylenic  alcohols  smoothly  to  etjiylenic  alcohols,  with  an  even 
sharper  bend  in  the  hydrogenation  curve,  like  that  in  the  hydrogenation  of  t 
acetylenic  y-glycols  with  colloidal  palladium. 
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THE  ACTION  OP  INHIBITORS 


IN  CATALYTIC  HYDROGENATION  WITH  PALLADIUM  III. 


Kh.  V.  Balyan 

In  our  previous  reports  [i]  we  cited  the  results  of  our  research  on  the 
effect  of  certain  inhibitors  upon  the  hydrogenation  of  acetylenic  and  ethylenic  . 
alcohols  with  colloidal  palladium. 

Of  several  tested  compounds,  we  found  that  such  compounds  as  ammonium 
thiocyanate,  thiourea,  copper  and  lead  acetates,  benzene  thiocyanate,  p-thiocyano- 
anlline,  p-thiocyanochlorobenzene,  a-naphthol  thiocryanate,  phenyl  mustard  oil, 
and  chlorobenzene  are  inhibitors  of  the  hydrogenation  of  methylbutyn.ol,  methyl- 
pentynol,  methylbutenol,  and  methylpentenol.  Some  of  these  inhibitors  manifested 
special  selectivity  in  the  hydrogenation  of  the  triple  and  the  double  bond.  We 
were  interested  in  determining  the  effect  of  some  of  these  inhibitors  upon  the 
hydrogenation  of  ethers  of  these  alcohols.  We  chose  as  our  first  research  ob¬ 
jects  the  methyl  ethers  of  methylbutynol  (l)  and  of  methylbutenol  (ll).  We  have 
found  no  ^references  in  the  literature  to  methods  of  preparing  these  ethers  nor  to 
their  properties,  including  their  behavior  dur-ing  hydrogenation. 

CH-^  CH3 

OCHa  OCH2 

(I)  (II) 

We  prepared  these  ethers  by  reacting  the  respective  alcoholates  with 
methyl  iodide  in  absolute  ether. 

The  methyl  ether  of  methylbutynol  is  a  mobile,  colorless  liquid  with  a 
pleasant  odorj  it  forms  a  white  precipitate  with  ammoniacal  silver  nitrate,  has 
a  b.p,  of  79“80'* ,  is  soluble  in  many  organic  solvents,  and  is  insoluble  in  water. 

The  methyl  ether  of  methylbutenol  is  also  a  mobile,  colorless  liquid  with 
a  pleasant  odor 5  it  is  insoluble  in  water  and  readily  soluble  in  ether,  benzene, 
alcohol,  and  other  organic  solvents,  Bop,  82-8'5“o  Both  ethers  distil  under  ord¬ 
inary  conditions  without  decomposing. 

Both  of  the  ethers  were  hydrogenated'  with  colloidal  palladium,  prepared 
as  in  our  previous  investigations  [1];  gum  arabic  served  as  the  protecting  colloid 
The  catalyst's  activity  was  checked  by  hydrogenating  tetramethylbutvnediol,  methyl 
but^/nol,  and  methylbutenol  dissolved  in  ethyl  alcohol.  Hydrogenation  was  carried 
out  in  a  flask  placed  inside  a  thermostat  cabinet  (cf  the  description  in  our  pre¬ 
vious  papers  [1])  at  20**.  0,01  mole  of  substance,  dO  ml  ethyl  alcohol,  and  3 

mg  (3  ml)  of  colloidal  palladium  were  used  for  hydrogenation. 

The  tetramethylbutynediol  was  hydrogenated  to  a  double  bond  in  6  minutes 
under  these  conditions,  methylbutynol  to  a  single  bond  in  7-8  minutes,  and  methyl¬ 
butenol  to  a  saturated  alcohol  in  3-^  minutes. 

Hydrogenation  cf  the  ethers  of  these  aJcohols  was  very  slow  under  the  same 


conditions s  the  methyl  ether  of  methylhutynol  was  hydrogenated  57 *6^^  based  on 
4  atoms  of  hydrogen  per  mol  of  the  ether,  after  320  minutes,  while  the  ether  of 
methylbutenol  was  hydrogenated  84^,  based  on  2  atoms  of .hydrogen  per  mol  of  the 


ether,  in  26O  minutes  (Table  l) . 

This  retardation  is  clearly 

TABLE 

1 

seen  in  the  diagrams  (Figs.  1  and 

Time  elapsed 

Methyl  ether 

Methyl  ether 

2),  in  which  the  percent  of  hydro¬ 

from  start 

of  methyl- 

of  methyl¬ 

gen'  absorbed  is  laid  off  on  the 

of  hydrogena¬ 

Ibutynol 

_ 

butenol 

axis  of  ordinates,  with  the  time 

tion,  minutes 

1  Hydrogen 

added 

in  minutes  along  the  axTs  of  ab¬ 

%  of  2H 

%  of  4H 

%  of  2H 

scissas. 

5 

34.0 

17.0 

13.6 

It  is  worthy  of  note  that  a 

10 

59.0 

29.5 

20.0 

test  with  a  silver  reagent  for  the 

15 

68.8 

34.4 

- 

triple  bond,  made  after  53^^>  of 

20 

13.^ 

36,7 

28.9 

hydrogen,  based  on  4  atoms  of  hyd¬ 

30 

79.0 

39.5 

35.9 

rogen  per  mol  of  the  acetylenic 

40 

82.2 

4i.i 

40.9 

alcohol,  had  been  added,  was  nega¬ 

70 

89  =  2 

44.6 

52.6 

tive.  This  indicates  that  when 

110 

97.6 

48.8 

62.6 

the  methyl  ether  of  methylbutynol 

l40 

101.0 

50.5 

68.0 

is  hydrogenated,  the  hydrogen  is 

200 

— 

54.5 

77.2 

first  added  at  the  triple  bond. 

260 

'  - 

56.1 

84.0 

and  then  only  at  the  double  bond, 
i.e.,  as  in  the  hydrogenation  of 
the  acetylenic  alcohol  itself  with 

320  ! 

57.6 

palladium  deposited  upon  calcium  carbonate  [2],  Thus,  the  substitution  of  a 
methyl  group  for  the  hydroxyl  hyc^ogen  in  alcohol^  causes  a  sharp  decrease  in  the 
hydrogenation  rate  of  these  products.  This  observation  fully  agrees  with  the  re¬ 
searches  of  Yu,SoZalkind  and  P.S. Bataev  [3],  who  showed  that  the  ethers  of  tetra- 
phenylbutynediol,  in  contrast  to  the  glycol  itself,  did  not  add  hydrogen  at  all 
in  the  presence  of  palladium  or  platinum.  On  the  other  hand,  it  differs  some¬ 
what  from  the  observations  made  by  Yu.S.Zalkind  and  I.Khazovaya  [4]  on  the  be¬ 
havior  of  ethers  of  tetramethylbutynediol .  In  the  presence  of  palladium  the  di¬ 
methyl  ether  of  the  latter  is  hydrogenated  somewhat  faster  than  the  glycol  itself 
while  its  dibutyl  ether  is  hydrogenated  somewhat  more  slowly  than  the  glycol. 


l-Methylbutenol;  2-methyl  ether  of  methylbutenol;  3-methyl  e^er  of  methylbutenol 
plus  2  ml  of  thiocyanochloroBenzene:  4-metliyl  ether  of  methylbutynol;  5-methylether 

'  of  methylhutynol  Dlds  2‘ ml  6f  thicAyaribiciilttrobenZene.  '  •  *  '■ 

“  ‘  '  .  '  1  c  „  A  i  0.  .t  (t  I  t.  .  V  „  _  . 

¥e  are  inclined  to  attribute  the  marked  inhibition  of  the  hydrogenation 
of  our  ethers,  compared  to  that  of  the  alcohols  themselves,  to  the  same  cause 
cited  by  Yu.S.Zalkind  in  the  foregoing  instances,  namely  steric  hindrances,  due 
to  the  substitution  of  methyl  for  hydrogen,  which  interferes  with  access  to  the 
carbon  atoms  attached  to  the  triple  or  double  bond. 

These  ethers  were  then  hydrogenated  with  the  three  inhibitors  we  had  pre¬ 
viously  employed  in  hydrogenating  alcohols  [i]f  phenyl  mustard  oil,  p-thiocyano- 


chlorobenzene,  and  p-thiocyanoanllineo  The  latter  slowed  down  the  rate  of  hydro¬ 
genation  here,  too,  but  not  as  markedly  as  with  the  alcohols  themselves  (Figs.  1 
and  2).  Furthermore,  the  inhibition  of  the"  hydrogenation  of  the  ethylenic  ether 


Fig.  2. 

1-Methylbutynol;  2-niethyl  ether  of  methylbutynol;  3- methyl  ether  of  methylbutynol  plus  3  ml  of 
phenyl  mustard  oil;  4‘methyl  ether  of  methylbutynol  plus  2  ml  of  thiocyanoaniline. 

proved  to  be  greater  than  that  of  the  acetylenic  one,  as  before.  The  comparativ¬ 
ely  slight  effect  of  the  inhibitors  upon  the  hydrogenation  of  the  ethers,  as 
against  their  effect  on  the  alcohols,  is  evidently  due  to  the  fact  that  the  very 
substituion  of  methyl  for  the  alcohol's  hydrogen  causes  a  very  considerable  dim¬ 
inution  in  the  rate  of  hydrogenation, 

EXPERIMENTAL 

(V.  A.  Orestova  and  L.  L.  Chemekova) 

The  original  alcohols  were  purified  by  repeated  distillation  into  a  col¬ 
umn  fitted  with  a  worm  condenser.  The  methylbutynol  used  had  a  b.p.  of  103-105°, 
while  that  of  the  methylbutenol  was  97-98“°  Endeavors  to  secure  the  methyl 
ethers  of  methanol  and  of  these  alcohols  by  the  use  of  various  dehydrating  sub¬ 
stances  (sulfuric  acid,  p-toluenesulfo  acid,  and  sulfanilic  acid)  were  not  very 
successful.  The  best  results  were  obtained  by  treating  the  alcoholates  of  these 
alcohols  with  methyl  iodide. 

Synthesis  of  the  methyl  ether  of  methylbutznrj.ol ,  0,25  of  methylbutynol 

and  100  ml  of  absolute  ether  were  placed  in  a  round-bottomed,  three-necked  flask, 
fitted  with  a  stirrer  and  a  reflux  condenser,  0,25  g~atcm  of  metallic  sodium  was 
added  in  small  pieces,  with  constant  stirring.  The  dissolution  of  all  the  sodium 
and  the  formation  of  an  alcoholate  required  6-8  hours,  O.^^-Ooh  mole  of  methyl 
iodide,  with  a  b.p.  of  43*,  was  poured  into  the  resultant  alcoholate  at  room  tem¬ 
perature,  Then  the  reaction  mass  was  heated,  with  constant  stirring,  to  38-40° 
over  a  water  bath  for  l4-l6  hours.  A  precipitate  of  sodium  iodide  gradually 
settled  out.  The  precipitate  was  suction-filtered,  washed  with  ether,  and  desic¬ 
cated.  ‘  The  filtrate  was  desiccated  with  potash  and  distilled  into  a  column  with 
a  worm  condenser.  The  yield  of  sodium  iodide  was  36,5  g  (theoretically  37*5  g) • 
The  yield  of  the  methyl  ether  of  methylbutynol  was  8,1  g  (33^  of  the  theoretical) 

The  ether  exhibited  a  reaction  with  ammoniacal  silver  nitrate. 

Percentage  of  methoxy  groups  by  the  Zeisel  method:  30.6^;  31° 6^  computed. 
di8  0.80525  n|°  1.40135  MR  29,59  (computed  29,55),  B.p.  79-80°5  freezing 
point -51-52°. 

0,1508  g  substance:  0,3506  g  CO25  0,1246  g  H2O.  Found  C  73°  10 5  H  10. 58, 
CeHioO,  Computed  C  75°425  H  10,27=  0,2207  g  substance:  l8,45  g  benzene 

At  0.619*.  Found:  M  99«25  computed;  M  98,1, 


ThP  etlier  was  a  rnnhilp,  colorless  liquid  with  a  pleasant  odor.  It  is  sol¬ 
uble  in  ethyl  ether,  benzene,  and  alcohol;  it  is  insoluble  in  water. 

Methyl  ether  of  methylbutenol.  This  was  synthesized  exactly  like  the  fore^ 
going  one,  from  methylbutenol.  The  reaction  of  the  alcoholate  with  methyl  iodide 
was  much  faster:  6-7  hours  of  heating  over  a  water  bath  were  enough,  instead  of 
li<--l6  hours  in  the  previous  synthesis.  The  yield  was  hO-k^^  of  the  theoretical 
(26.5  g  of  the  alcohol,  yielded  l4  g  of  the  ether).  The  yield  of  sodium  iodide  in 
this  instance  was  42.0  g  instead  of  the  46.2  g  called  for  theoretically. 

The  yield  of  the  ethers  can  be  increased  by  employing  a  better  rectifying 

tower . 

This  ether  was  also  a  mobile,  colorless  liquid  with  a  pleasant  odor.  It 
was  soluble  in  ether,  benzene,  and  alcohol,  but  insoluble  in  water.  It  decolor¬ 
ized  bromine  water  rapidly. 

Percentage  of  methoxy  groups  by  the  Zeisel  method.  29*02^;  computed  '^1.0’^ 
b.p.  82-83*,  freezing  point  -68*;  dfo  O.787I;  n§°  1.4008;  MRjj  30*91j  com¬ 
puted  31*08« 

0.1066  g  substance:  0.2800  g  CO2;  0.1144  g  HgO.  Found  C  71-63;  - 

H  11.92.  CsHigO.  Computed  C  71 -93;  H  12.09.  O.I585  g  substance: 

17-57  g  benzene:  At  0.456“.  Found  M  101. 3.  Computed  M  100.1. 

The  Chugaev-Tserevitinov  reaction  for  hydroxy  croups  was  negative. 

Hydrogenation  of  the  ethers.  The  hydrogenation  conditions,  the  apparatus 
and  the  preparation  of  the  colloidal  Pd  catalyst  were  the  same  as  in  our  previous 
researches  [1].  In  the  subjoined  tables,  t  denotes  the  time  elapsed  from  the 
start  of  the  reaction,  in  minutes;  P  is  the  pressure;  Hg  is  the  volume  of  hydro¬ 
gen  (in  ml),  on  the  basis  of  2  hydrogen  atoms  per  molecule  of  the  substance  being 
hydrogenated;  2H2  is  the  volume  of  hydrogen  (in  ml),  on  the  basis  of  4  hydrogen 
atoms  per  molecule  of  the  acetylenic  ether;  V  is  the  volume  of  hydrogen  (in  ml) 
absorbed  since  the  start  of  the  reaction;  and  v  is  the  hydrogen  volume  absorbed 
since  the  previous  reading.  We  checked  each  experiment  by  repeating  it.  We 
do  not  cite  the  results  of  our  tests  made  to  check  the  activity  of  the  catalyst, 
using  the  hydrogenation  of  tetramethylbutynediol,  methylbutynol,  and  methylbut¬ 
enol  with  and  without  inhibitors,  inasmuch  as  they  agreed -with  our  previous  re¬ 
sults. 

Hydrogenation  of  the  Methyl  Ether  of  Methylbutynol 

0.98  g  of  the  ether  (O.Ol  mole);  ml  of  ethyl  alcohol;  3  ml  (3  mg)  of 


Pd;  ’P 

749.3 

mm,-  T 

20" ;  computed  Hg 

'.244^0 

ml;  2H2 

>  488  ml. 

t 

5 

10 

20 

40 

70 

110 

l4o 

200 

320 

V 

83 

61 

35 

22 

17 

20 

8 

20 

15 

V 

83 

144 

179 

201 

216 

238 

246 

266‘ 

281 

H2 

34.0 

59.0 

73.4 

82.2 

89.2 

97.6 

101 

- 

- 

^  2H2 

17.0 

29.5 

36.7 

4l.l 

44.6 

48.8 

50.5 

54.5 

57-6 

Hydrogenation  oT  the  Methyl  Ether  of  Methylbutynol  with  Inhibitors 

0.98  g  of  the  ether  (O.Ol  mole);  5O  ml  of  ethyl  alcohol;  2  ml  (0.4  mg)  of 
phenyl  mustard  oil;  3  ml  (3  mg)  Pd;  P  769-4  ram,  T  20“ ;  computed  H2  238. 0; 
2H2  476  ml. 


t 

10 

20 

50 

60 

120 

180 

240 

330 

V 

12.5 

56.5 

67 

•40 

28 

20 

17 

20 

V 

12.5 

49 

116. 

156 

184 

204 

221 

241 

^  H2 

5.2 

19.6 

48.6 

65,4 

77-2 

85.6 

92.8 

101.2 

I0  2H2 

2,6 

9-8 

24.3 

32.7 

38.6 

42.8 

46.4 

50.6 
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Hydrogenation  of  the  Same  Ether  Under  the  Same  Conditions,  hut  with  2  ml 
(0,4  mg)  of  p-Thiocyanochlorobenzene 


t 

10 

20 

30 

60 

120 

180 

240 

285 

V 

90 

61 

18 

31 

34 

23 

19 

9 

V 

90 

151 

169 

200 

234 

257 

276 

285 

i  Ha 

37.^ 

63.4 

71*0 

85,0 

98,2 

- 

- 

- 

i  2Es 

18,7 

31o7 

35.5 

42.5 

49o1  * 

55.9 

57.9 

59.9 

Hydrogenation  of  the  Same  Ether  Under  the  Same  Conditions,  but  with  2  ml 
(0.4  mg)  of  p-Thiocyanoaniline 


t 

10 

20 

30 

60 

120 

180 

240 

255 

V 

72 

64 

8 

19 

28 

20 

20 

4 

V 

72 

136 

144 

163 

191 

211 

231 

235 

^  Hp 

30,2 

57*0 

60,4 

68,4 

80,0 

88,4 

96,8 

98.6 

^  2H2 

:  15*1 

28,5 

30.2 

34,2 

40.0 

44.2 

48.4 

49.3 

Hydrogenation  of 

the  Methyl  Ether 

of  Methylbutenol 

.  =  0  g 

of  the  ether  (O.Ol  mole); 

51  ml 

of 

ethyl  alcohol; 

3  ml  (3 

mg)  of  Pd; 

’  757*2  mm;  T 

20*;  computed.  Hp 

242,0 

ml 

» 

t 

5 

10 

20 

30 

60 

120 

180 

240 

V 

33 

16 

21 

17 

34 

36 

23 

18 

V 

33 

49 

70 

87 

121 

157 

180 

198 

^  Hp 

13*6 

20 

28,9 

35*9 

50,0 

64,9 

74.4 

81.8 

Hydrogenation  of 

the  Same 

Ether 

with  an  ^ 

Inhibitor 

•cO  g 

of  the  ether  (0,01  mole); 

50  ml 

of 

ethyl  alcohol; 

2  ml  (0. 

.4  mg) 

of  p-thiocyanochlorobenzene;  3  ml  (5  mg)  of  Pd;  P  758*0  mm;  T  20"; 
computed,  Hs  24l.O  ml. 


t 

10 

20 

30 

60 

120 

180 

240 

V 

4 

8 

8 

18 

31 

33 

30 

V 

4 

12 

20 

38 

69 

102 

132 

^  Hp 

1*7 

4,8 

8.3 

15*8 

28,6 

42,4 

54,8 

SUMMARY 

The  methyl  ethers  of  methylbutynol  and  methylbutenol  have  been  synthesized 
and  their  properties  described.  It  has  been  shown  that  the  hydrogenation  of  these 
ethers  with  colloidal  palladium  is  much  slower  than  the  hydrogenation  of  their 
alcohols,  owing  to  the  methyl  group's  screening  of  the  triple  or  double  bond. 

The  inhibitory  effect  of  certain  substances  -  phenyl  mustard  oil,  p-thio- 
cyanoanlline,  and  p-thiocyanochlorobenzene  -  on  the  liydrogenation  of  these  ethers 
with  colloidal  palladium  has  been  established, 
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THE  SYNTHESIS  AND  STRUCTURE  OP  SOME  DERIVATIVES  OP  COLCHICINE 


M  N.  Shchukina,  Go  M  Borodina  and  Yu„  No  Sheinker 


Most  of  the  known  researches  on  colchicine,  devoted  to  establishing  its 
structure,  describe  derivatives  of  colchicine,  produced  by  a  more  or  less  far- 
reaching  cleavage  of  the  latter's  molecule  and  representing  one  or  another  prod¬ 
uct  of  its  decomposltiono 

We  set  ourselves  the  task  of  synthesizing  new  colchicine  compounds  by  in¬ 
troducing  substituents  without  rupturing  the  basic  skeleton  of  the  colchicine 
molecule o  We  started  by  synthesizing  amino  derivatives  of  colchicine. 

As  far  back  as  l888,  Zeisel  [i]  described  the  product  obtained  by  substi¬ 
tuting  an  amino  group  for  the  ether  grouping  in  the  third  colchicine  ring  and 
called  it  colchicelneamide.  This  substance,  prepared  by  heating  colchicine  to 
100*  with  an  alcoholic  solution  of  ammonia,  occurred  as  yellowish  crystals  that 
had  the  composition  of  C21H24N2O5”  ^5  C2H5OH  after  recrystallization  from  alco¬ 
hol.  No  other  data  was  furnished.  The  synthesis  of  some  alkyl  amines  of  this 
type  is  described  in  the  patent  issued  to  Ewins  and  Ashley  [2]. 

We  prepared  amino  derivatives  of  colchicine  by  reacting  ammonia  or  amines 
with  colchicine  directly  in  alcoholic  solution  at  temperatures  ranging  from  100 
to  160*0  We  synthesized  aminocolchiceine,  methylaminocolchiceine,  diethylamino- 
colchicelne,  and  benzylaminocolchicelne.  Carbethoxyamlnocolchlceine  (colchicine 
urethane)  was  synthesized  by  us  by  the  Claisen  method  [•3],  the  dissolved  base 
reacting  with  ethyl  chlorocarbonate  in  the  presence  of  powdered  potash.  Under 
the  conditions  employed,  ammonia  and  the  other  amines  react  without  rupturing 
the  structure  of  Ring  C  of  colchicine  .(which  has  been  recently  shown  to  be  a 
seven.-membered  ring  [4]),  the  reaction  involving  substitution  of  an  amino  group 
for  the  ether  group: 


This  is  borne  out  by  the  nature  of  the  absorption  spectra  of  aminocolchiceine 
and  methylaminocolchiceine,  which  retain,  the  two  maxima  at  2400  and  36OO  A  that 
are  characteristic  of  colchicine,  together 
with  a  new  maximum  at  4l00.  The  action  of 
an  alcoholic  solution  of  an  alcoholate  upon 
colchicine  is  quite  different,  causing  sap¬ 
onification  of  the  methoxy  group  in  the 
seven-membered  Ring  C,  together  with 


UsO 


COOH 
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aromatization  of  the  ring  and  the  formation  of  an  acid,  called  colchicinic  acid, 
even  when  it  is  allowed  to  stand  with ‘the  colchicine  at  room  temperature,  while 
the  reaction  proceeds  more  rapidly  when  the  mixture  is  heated  to  100® .  When 
this  reaction  is  carried  out  in  the  presence  of  an  alkyl  halide,  we  get  esters 
of  colchicinic  acid. 

The  transformation  occurring  during  this  reaction  may  he  classified  as  a 
benzyl  rearrangement 5  it  is  typical  of  such  seven-membered  structures,  for  exam¬ 
ple,  purpurogallin,  as  has  been  recently  proved  by  Barltrop  and  Nicholson  [5]. 

Study  of  the  absorption  spectra  of  colchicinic  acid  and  of  its  esters  like¬ 
wise  indicates  that  the  structural  changes  in  the  colchicine  molecule  are  more 
farreaching  than  when  the  latter  is  acted  upon  by  alcoholic  ammonia.  The  shape 
of  the  absorption  curve  changes,  becoming  simpler,  as  it  were;  the  maxima  that 
are  characteristic  of  colchicine  vanish,  a  new  maximum  appearing  at  2800  A.  A 
spectrum  of  this  sort  bears  out  the  assumption  that  the  seven-membered  Ring  C 
has  been  aromatized,  since  it  is  typical  of  a  trimethoxy- substituted  biphenyl 
derivative.  This  is  seen  from  the  following  comparison'^  trimethyl-pyrogallol 
has  an  absorption  band  at  2750  A  with  an  intensity  of  In  k  =  2.8;  the  introduc¬ 
tion  of  another  aromatic  ring  with  a  carboxyl  group  ought  to  shift  the  absorp¬ 
tion  maximum  toward  the  longer  wavelengths  and  increase  the  absorption  intensity 
considerably,  as  is  usually  the  case  when  we  turn  from  benzene  derivatives  to 
derivatives  of  biphenyl  [,6,7]. 

During  the  preparation  of  our  paper  for  publication,  a  paper  by  Santavy  [e] 
has  been  published  in  which  the  author  endeavors,  like  us,  to  synthesize  N-methyl 
colchicine,  the  formation  of  which  by  the  action  of  sodium  alcoholate  and  methyl 
iodide  upon  colchicine  was  indicated  by  Zeisel  [s],  without  however,  giving  any 
constants  for  this  compound,  Santavy  secured  colchicinic  acid  and  converted  it 
into  its  methyl  ester  by  means  of  diazomethane. 

EXPERIMENTAL 

Aminocolchiceine .  1  g  of  colchicine  and  1,5  ml  of  5^  alcoholic  ammonia 

were  heated  together  to  100*  in  a  sealed  tube  for  4  hours.  The  color  of  the 
solution  gradually  changed  from  an  initial  wine-yellow  to  brown,  and  by  the  end 
of  the  third  hour  of  heating  large  crystals  settled  out,  more  of  them  .appearing 
as  the  solution  cooled.  The  crystals  were  filtered  out  and  washed  with  ether. 
Yield:  0,64  g.  Another  0.12  g  of  the  substance  was  recovered  from  the  mother 
liquor  by  adding  absolute  ether  to  it.  Recrystallization  from  a  mixture  of  benz¬ 
ene  and  (15^)  alcohol  yielded  O.5  g  of  the  amine  as  light-yellow  crystals  with 
a  m.p.  of  26O-262®  (darkening  at  -258®).  Aminocolchiceine  is  readily  soluble  in 
chloroform,  acetone,  and  alcohol,  but  sparingly  soluble  in  ether.  Its  solubility' 
in  water  is  about  0,1^;  the  aqueous  solution  has  a  pH  of 

0.0492  g  substance  in  5  ml  chloroform;  1  0.5  dm;  a  -0.71®;  [a]p  -144.31®. 

6,437  mg  substance:  0.392  ml  N2  (22®,  728.5  mm).  5-971  mg  substance: 

0,3636  ml  N2  (21®,  733*5  mm).  Found  ')&:  N  6,76^  6.82, 

C2iH2405N2“V2C2H50H.  Computed  N  6.89* 

Methylaminocolchiceine .  O.5  g  of  colchicine  was  dissolved  in  0.75  ml  of 

ethyl  alcohol,  and  2.23  ml  of  a  10^  alcoholic  solution  of  methylamine  was  added. 
The  sealed  tube  was  set  aside  to  stand  for  three  days  at  room  temperature.  The 
solvent  was  evaporated  in  vacuum  in  the  cold.  The  substance  slowly  settled  out 
from  a  dilute  ether  solution  (to  which  2^  alcohol  had  been  added)  as  yellow  crys¬ 
tals.  Yield:  O.3  g;  m.p,  172-178®,  Methylaminocolchiceine  is  readily  soluble 
in  alcohol,  chloroform,  and  acetone;  it  is  sparingly  soluble  in  water.  The  pH 
of  a  0,1^  aqueous  solution  was  6,6, 
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0,0342  g  substance  in  5  ml  chloroform;  1  0,5  dm;  a  -0.56®;  [ajp  -I6O.82®. 

4,125  mg  substance;  0,255  ml  N2  (22®,  740,5  mm),  4,293  mg  substance; 
0.269  ml  N2  (22®,  741,0  mm).  Found  N  6.97,  7.07.  C22H26N2O5, 

Computed  N  7.03. 


Fig,  1,  Colchicine  Fig,  2,  Aminocolchiceine 


Fig,  3.  Methylamino-  Fig,  4.  Ethyl  ester  of  col- 

:'olchlcolne  chicinic  acid 


Ultraviolet  absorption  spectra  (solutions  in  ethyl  alcohol)  _ 

Diethylamlnocolchlce ine .  1  g  of  colchidine  and  1  g  of  freshly  distilled 

diethylamlne  were  heated  together  for  2,5-3  hours  in  a  sealed  tube  over  a  water 
bath.  When  the  reaction  mass  cooled,  a  large  quantity  of  big,  lustrous  crystals 
settled  out.  The  crystals  were  filtered  out  and  washed  with  ether.  Recrystal¬ 
lization  from  acetone  to  which  a  drop  of  alcohol  (2-3'^)  had  been  added  yielded 
minute,  bright-yellow  crystals  with  a  m.p,  of  208-209*.  Yield;  0,5  g-  Diethyl- 
amlnocochicelne  is  freely  soluble  in  benzene  and  alcohol,  somewhat  less  freely 
in  ether  and  acetone,  and  sparingly  in  water. 

0,0509  g  substance  in. 5  ml  chloroform;  1  0,5  dm;  a  +2.66*;  [ajp  +  521.62*. 

7.324  mg  substance;  3.30  ml  0.01  N  H2SO4,  J.818  mg  substance:  3.52  ml 

0,01  N  H2SO4.  Found  N  6,31,  6,30,  C25H82N2O5,  Computed  N  6,36. 

Benzylamlnocolchiceine ,  0,5  g  of  colchicine  and  0,4  g  of  beiizylamine  were 

heated  together  in  3*3  ml  of  alcohol  for  6  houi’s  in  a  sealed  tube  over  a  water 
bath.  The  excess  amine  and  solvent  were  driven  off  in  vacuum  in  the  cold.  The 
substance,  which  dried  out  as  a  film,  was  triturated  with  absolute  ether  and 
carefully  washed  with  the  latter.  The  substance  was  washed  with  water  to  remove 


any  traces  of  colchicine.  The  residue  was  dissolved  in  absolute  alcohol  and 
filtered,  and  the  solvent  was  again  driven  off  in  vacuum.  The  softening  point 
was  120-124“  after  drying  to  constant  weight.  Yields  0.5  g.  '  Benzylaminocol- 
chiceine  is  a  bright-yellow  powder;  it  is  freely  soluble  in  alcohol,  acetone, 
and  chloroform,  less  freely  in  ether,  and  very  slightly  soluble  in  water.  The 
pH  of  a  0.0’^’^  aqueous  solution  was  7-0- 

0.04l4  g  substance  in  5  nil  chloroform;  1  0.5  dm;  a  -0.51";  [ot-lp  -123.18". 

7.352  mg  substances  3.O8  ml  0.01  N  H2SO4.  7 ”^^5  mg  substances 

3.09  ml  0.01  N  H2SO4.  Found  ^5  N  5.86,  5.8I.  C28H30N2O5. 

Computed  ^s  N  5 •90* 

Carbethoxycolchlceine .  0.6  g  of  ethylchlorocarbonate  was  added  with  cons¬ 

tant  stirring  and  heating  to  O.85  g  of  aminocolchiceine  and  1.2  g  of  freshly 
calcined  potash  in  30  ml  of  dio'xane.  Then  the  reaction  mixture  was  heated  to 
8O-85*  for  8  hours,  with  constant  stirring.  The  inorganic  precipitate  was  fil¬ 
tered  out,  dissolved  in  hot  water  and  subjected  to  a  Volhard  titration.  The 
quantity  of  chlorine  found  indicated  that  95^  of  ethyl  chlorocarbonate  used 
entered  into  the  reaction.  The  solvent  was  driven  off  in  vacuum,  and  the  solid 
residue  was  dissolved  in  a  ls2  chloroforms ether  mixture  and  analyzed  chromato- 
graphically  in  a  column  filled  with  22  g  of  alumina,  from  which  the  alkali  had 
been  washed  out  by  the  Carter  method. J  The  substance  was  removed  from  the  alum¬ 
ina  with  alcohol  (6  batches  of  25  ml  each),  the  alcohol  was  driven  off  in  vacuum, 
and  the  residue  was  evaporated  in  vacuum  in  the  cold.  Yields  0.66  g.  Carb- 
ethoxyaminocolchic^ine  is  an  amorphous,  bright-yellow  powder  with  a  softening 
point  at  .112-120* .  ‘  It  is  sparingly  soluble  in  ether,  petroleum  ether,  benzene, 
and  water,  but  very  soluble  in  alcohol  and  acetone. 

0.0598  g  substance  in  5  ml  chlord^orm;  1  O.5  dm;  a  -O.76*;  -127.09". 

6.979  mg  substances  O.382  ml  N2  (19*5"  ^  7^3  mm).  Found  ‘joi  N  6.25. 

C24H28N2O7.  Computed  'Jfjs  N  6.I3. 

Methyl  ester  of  colchiclnic  acid.  1  g  of  colchicine  was  heated  in  a 
sealed  tube  to  100"  for  4  hours  with  an  alcoholate  solution,  prepared  with  0.1 
g  of  metallic  sodium  in  5  ml  of  absolute  alcohol.  The  solvent  was  driven  off 
in  vacuum  in  the  cold.  The  dry  residue  was  reheated  with  10  g  of  methyl  iodide 
to  100"  in  a  sealed  tube  for  4  hours.  The  methyl  iodide  was  driven  off,  and 
the  substance  was  treated  with  hot  water,  the  insoluble  bulk  of  the  substance 
then  being  twice  recrystallized  from  I5  times  its  weight  of  absolute  alcohol. 
Yield  0.5  g.  The  methyl  ester  of  colchiclnic  acid  consists  of  colorless  crys¬ 
tals  with  a  m.p,  of  254-255*.  They  are  soluble  in  alcohol  and  chloroform,  but 
practically  insoluble  in  water.  Saponification  with  an  alcoholic  alkali  yields 
colchiclnic  acid. 

0.0534  g  substance  in  5  ml  chloroform.  1  O.5  dm;  a  -O.7I*;  [a.]j)  -132. 7I*. 

4.166  mg  substances  IO.IO9  mg  CO2;  2.340  mg  H2O.  4.078  mg  substance: 

9.899  mg  CO2;  2.35  mg  H2O.  7.515  mg  substance.  0.231  ml  N2  (21",  738 

mm).  7.887  mg  substances  0.247  ml  N2  (22*,  733  mm).  Found  C  66. I8, 

66.20;  H  6.20,  6.32;  N  5-47,  3-48.  C22H25O6N.  Computed  C  66.15; 

H  6.28;  N  5.52. 

Colchiclnic  acid.  1  g  of  colchicine  was  heated  in  a  sealed  tube  for  4 
hours  to  100*  with  an  alcoholate  solution  prepared  with  0.1  g  of  metallic  sodium 
in  5  ml  of  absolute  methanol.  The  solvent  was  driven  off  in  vacuum  in  the  cold. 
The  solid  residue  was  dissolved  in  10  ml  of  water.  When  the  solution  was  acid¬ 
ified  with  a  1^  solution  of  hydrochloric  acid,  the  colchiclnic  acid  settled  out 
as  a  copious  gray  precipitate,  which  was  filtered  out  and  washed  with  water. 
Colorless  crystals  of  the  substance,  with  a  m.p.  of  257-258*  were  secured  after 


two  recrystallizations  from  1;1  aqueous  alcohol  and  one  recrystallization  from 
acetone.  Colchicinic  acid  is  very  slightly  soluble  in  water,  hut  soluble  in  a 
Vjo  solution  of  sodium  bicarbonate;  it  titrates  with  1  equivalent  of  alkali. 

The  yield  of  the  substance  was  0.6  g„ 

Ethyl  ester  of  colchicinic  acid.  2  g  of  colchicine  was  heated  in  a 
sealed  tube  for  4  hours  to  100*  with  a  solution  of  alcoholate,  made  from  0.2  g 
of  metallic  sodium  and  8  ml  of  absolute  methanol.  The  solvent  was  driven  off  in 
vacuum  in  the  cold,  and  the  solid  residue  (the  sodium  salt  of  colchicinic  acid) 
was  heated  in  a  sealed  tube  to  100“  for  4  hours  with  an  excess  (15  g)  of  ethyl 
iodide.  The  ethyl  iodide  was  then  driven  off,  and  the  solid  residue  was  treated 
with  hot  water.  The  bulk  of  the  residue  (  I.5  g) ^  which  was  Insoluble  in  water, 

was  dissolved  in  100  ml  of  a  chloroform-ether  mixture  and  chromatographed  through 
a  coliamn  containing  22  g  of  alumina,  washed  free  of  alkali  by  the  Carter  method. 
The  top  layer,  of  the  alumina,  containing  tar,  was  discarded,  and  the  substance 
was  extracted  from  the  alumina  with  alcohol  (7  batches  of  25  ml  each) .  The  alco¬ 
hol  was  driven  off  in  vacuum.  Yield:  0.6  g.  The  substance  was  recrystallized 
twice  from  a  mixture  of  alcohol  with  20^  of  ether.  This  yielded  0.3  g  of  the 
ethyl  ester  of  colchicinic  acid,  with  a  m.p.  of  217“.  The  substance  is  sparingly 
soluble  in  water  and  ether,  but  very  soluble  in  alcohol  and  acetone.  Saponifica¬ 
tion  of  the  ethyl  ester  with  an  alcoholic  alkali  yielded  colchicinic  acid  with 
a  melting  point  of  255“  after  crystallization  from  acetone,  which  exhibited  no 
depression  when  the  melting  point  of  a  test  sample  mixed  with  the  previously 
prepared  colchicinic  acid  was  determined. 

0.0546  g  substance  in  5  nil  chloroform:  1  0.5  dm;  a  -0.73“  >  ~^33»7“* 

3 <.572  mg  substance:  8.782  mg  CO2,;  2.O9O  mg  H2O,  6.315  ing  substance; 

0.192  ml  N2  (24,5*,  730.5  mm),  8.002  mg  substance:  O.238  ml  N2  (22.5“ > 

725,5  mm).  Found  C  67,05;  H  6,55;  N  3«35,  3.28, 

Cp'^H2r06N,  Computed  C  67,03;  ■h.6.55;  N  3*39. 

SUMMARY 

A  study  has  been  made  of  the  reaction  of  colchicine  with  alcoholic  solu¬ 
tions  of  organic  amines  and  with  an  alcoholic  solution  of  sodium  alcoholate; 
it  was  found  that  in  the  former  cases  the  methoxy  group  in  Ring.C  is  replaced 
by  amino  groups,  while  in  the  latter  case,  this  methoxy  group  is  saponified, 
the  Ping  C  is  aromatized,  and  a  salt  of  colchicinic  acid  is  formed. 

The  ethyl  and  methyl  esters  of  this  acid,  synthesized  by  reacting  alkyl 
halides  with  its  salts,  have  been  described, 

Carbethoxyamlnocolchiceine  has  been  synthesized  by  reacting  aminocolchi- 
ceine  with  ethyl  chlorocarbonate, 
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THE  ALKALOIDS  OP  SALSOLA  RICHTERI 


VI.  THE  N-DERIVATIVES  OP  SALSOLINE.  II 


N.  P..  Proskurnina  and  V.  M„  Merlis 


In  our  preceding  report  on  the  alkaloids  of  Salsola  Rlchterl  (Report  V) 
[i],  we  described  the  synthesis  of  several  derivatives  of  salsollne  (l)  and 
salsolldine  (ll). 
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Continuing  our  research  along  these  lines,  we  synthesized  r-N-methylsals- 
ollne  (ill)  hy  heating  r-salsoline  with  formaldehyde  in  the  presence  of  formic 
acid,  hy  the  Wallach  method  [2]„ 


When  we  methylated  optically  active  salsoline  hy  this  same  method,  we 
made  the  following  interesting  observation;  we  got  the  same  r-N-methylsalsol- 
ine  instead  of  the  expected  optically  active  N-methylsalsoline.  Thus,  under 
these  conditions  the  reaction  product  is  racemized» 


To  ascertain  the  causes  of  this  racemizatlon  of  N-methylsalsoline,  we 
attempted  to  prepare  optically  active  N-methylsalsollne  hy  methylating  salsoline 
with  methyl  iodide.  Our  experiment  failed  to  yield  N-methylsalsoline.  The 
methiodide  of  N-methylsalsoline,  which  proved  to  he  the  principal  reaction  pro¬ 
duct,  was  likewise  optically  inactive.  Thus,  even  unde-r  the  mild  conditions 
under  which  methylation  takes  place  with  methyl  iodide  the  reaction  product 
is  racemized.  We  may  therefore  infer  that  N-methylsalsoline  displays  an  extre¬ 
mely  great  tendency  toward  racemizatlon,  whereas  the  Initial  salsoline  does  not 
possess  this  property. 


In  fact,  numerous  attempts  to  racemize  optically  active  salsoline  were 
fruitless,  despite  the  severe  conditions  employed,  e.g.,  heating  with  strong 
acids  or  an  alcoholic  alkali  as  well  as  heating  its  salts  to  high  temperatures. 
Some  of  the  experiments  on  racemlzing  optically  active  salsoline  that  met  with 
failure  are  cited  in  the  present  paper. 


E.  Spath  and  F,  Kesztler  [3]  also  observed  the 
extraordinarily  high  tendency  of  pellotlne  (IV),  which 
belongs  to  the  same  series  of  tetrahydroisoquinoline 
alkaloids,  toward  racemizatlon.  These  authors  attrib¬ 
ute  this  property  of  pellotine  to  its  possessing  a 
phenyl  group. 

In  support  of  this  hypothesis,  E.  Spath  and 


F. Bengal  [4]  point  out  the  high  resistance  of  salsolidine,  which  is  not  a  phen¬ 
olic  base,  to  racemization.  Their  attempts  to  racemize  optically  active  salsoli- 
dine  were  unsuccessful,  and  when  they  methylated  d-salsolidine  with  formaldehyde 
and  formic  acid,  they  secured  d-N-methylsalsolidineo 

Even  earlier,  the  resistance  of  salsolidine  to  racemization  was  noted  by 
N.  Proskurnina  and  A. Orekhov  [s],  who  methylated  l-salsolidine  with  methyl  iodide 
and  secured  an  optically  active  methiodide  with  the  sign  of  rotation  merely  re¬ 
versed. 

When  we  compare  all  these  facts,  the  conclusion  asserts  itself  that  the 
alkaloids  of  this  series  possess  a  pronounced  tendency  toward .vr*acemizat ion  only 
when  their  molecules  contain  both  the  phenol  and  methylimldo  groups,  as  may  be 
seen  by  inspection  of  the  pellotine  and  the  N-methylsalsollne. 

It  is  interesting  to  trace  this  rule  in  other  N-substituted  derivatives 
of  salsoline. 


EXPERIMENTAL 

Methylation  of  r-salsollne  with  formaldehyde  and  formic  acid.  5  g  of 
formaldehyde  and  2  g  of  formic  acid  were  added  to  5 "^5  g  of  r-salsoline,  with  a 
m.p.  of  2l8" .  Bubbles  of  CO2  began  to  evolve  at  once.  The  solution  was  heated 
for  2,5  hours  over  a  water  bath,  and  then  saturated  with  potash  and  extracted 
with  ether.  Driving  off  the  ether  yielded  g  of  a  base,  which  was  dissolved 
in  a  small  amount  of  alcohol.  Adding  alcoholic  HCl  threw  down  a  precipitate. 
Suction  filtering,  washing  with  acetone,  and  recrystallizing  from  alcohol  yielded 
5.2  g  of  the  hydrochloride  with  a  m.p.  of  256-237* • 

0.i405  g  substance:  _5»T  ml  0-1  N  AgNOa.  Found  Cl  l4.L. 

C12H1TNO2” HCl.  Computed  Cl  1^4^. 58. 

The  crystalline  base  recovered  from  the  hydrochloride  had  a  m.p,  of  l43* 
after  recrystallization  from  alcohol. 

4.221  mg  substance:  O.252  ml  N2  (2S  ,  7^9  mm)*  Found  N  6.55' 

C12H17NO2.  Computed  N  6.76. 

Hydr iodide.  HI  was  added  to  an  alcoholic  solution  of  the  base.  The  pre¬ 
cipitate  that  settled  out  upon  trituration  with  acetone  had  a  m.p.  cf  202-203" 
after  recrystallization  from  alcohol. 

Hydrobromide.  HBr  was  added  to  an  alcoholic  solution  of  the  base.  The 
precipitate  that  settled  out  when  the  alcohol  was  evaporated  was  washed  with 
acetone.  The  hydrobromide  did  not  melt  though  heated  to  300* ^  after  having  been 
recrystallized  from  alcohol, 

Methylation  of  d-salsoline  with  formaldehyde  and  formic  acid .  2  g  of 

formaldehyde  and  I.5  g  of  formic  acid  were  added  to  4.2  g  of  d-salsollne,  pre¬ 
pared  from  the  hydrochloride,  with  [a]p  +  38* 3-  The  solution  was  heated  for  2.5 
hours  and  then  saturated  with  potash  and  extracted  with  ether.  The  ether  was 
driven  off,  and  the  base  recovered  by  adding  alcoholic  HCl 5  it  was  then  converted 
into  the  hydrochloride,  which  had  a  m.p.  of  236-237*  after  having  been  recrys¬ 
tallized  from  alcohol.  A  test  sample,  mixed  with  the  hydrochloride  of  r-N-methyl- 
salsoline,  exhibited  no  depression  of  the  melting  point.  The  hydrochloride  was 
optically  inactive.  The  base  recovered  from  the  hydrochloride  had  a  m.p.  of 
145"  after  crystallization  from  alcohol.  A  test  sample,  mixed  with  methylsalsol- 
ine,  exhibited  no  depression  of  the  melting  point .• 

Methylation  of  jj- salsoline  with  methyl  iodide.  0,8  g  of  d- salsoline,  with 
a  m.p.  of  213-215*,  recovered  from  the  hydrochloride,  with  a  specific  rotatory 
power  of  [a]j)  +58.8*,  was  dissolved  in  53  ml  of  methanol,  and  5  ml  of  methyl 
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iodide  was  added.  The  mixture  was  heated  for  JO  minutes  over  a  water  hath,  af¬ 
ter  which  the  methanol  was  driven  off,  and  the  semiliquid  residue  was  placed 
in  a  vacuum  desiccator.  The  dark-yellow  crystallized  mass  was  washed  with 
acetone.  Two  recrystallizations  from  alcohol  yielded  O.J  g  of  a  white  crys¬ 
talline  substance  with  a  m.p.  of  232-234".  The  synthesized  methiodide  was 
optically  inactive.  It  was  readily  soluble  in  water  and  in  dilute  NaOH.  Un¬ 
reacted  d-salsoline  was  recovered  from  the  mother  liquor. 

Attempts  to  racemize  optically  active  salsoline.  1.3  g  of  d-salsoline 
hydrochloride,  with  a  specific  rotatory  power  of  [a]]^  -i-  34.5*,  was  heated  to 
175*  for  5  hours.  The  rotatory  power  remained  unchanged. 

2.5  g  of  d-salsoline,  recovered  from  the  hydrochloride,  with  a  specific 
rotatory  power  of  [a]p  +34,,5*^  '^as  boiled  with  40  ml  of  a  10^  alcoholic  solution 
of  KOH  for  5  hours.  The  alkaline  solution  was  acidified  with  HCl,  the  precipi¬ 
tated  hydrochloride  was  suction-filtered  out  and  washed  with  acetone.  Its  spe¬ 
cific  rotatory  power  was  [a]j)  +34.4°. 


SUMMARY 

1.  Methylation  of  optically  active  salsoline  with  formaldehyde  and  formic 
acid  yields  racemic  N-methylsalsoline. 

2.  Methylation  of  optically  active  salsoline  with  methyl  iodide  yields 
a  racemic  methiodide  of  N-methylsalsoline. 

3.  Previous  observations  concerning  salsoline 's  resistance  to  racemiza- 
tion  have  been  confirmed. 
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XXXII.  CHROMIC  OXIDE  ON  ALUMINA  AS  A  CATALYST 


FOR  CONVERSIONS  OP  HETEROCYCLIC  COMPOUNDS 


Yu.  K.  Yuryev  and  V  A  Tronova 


The  present  paper  reports  on  a  study  of  a  mixed  catalyst  -  chromic  oxide 
on  alumina  -  in  the  conversion  of  furanidine  (tetrahydrofuran)  into  pyrrolidine 
and  thi'ophane.  This  catalyst,  widely  used  of  late  to  aromatize  paraffins,  dehyd¬ 
rogenate  cycloparaffins,  and  Isomerlze  diolefins,  was  prepared  by  ore  of  the  com¬ 
mon  methods  employed  for  its  manufacture 5  the  samples  of  catalyst  contained  9*5> 
l4,  20,2,  and  chromic  oxide^  A  catalyst  with  the  following  composition: 

12^  chromic  oxide  and  88^  alumina,  was  used  to  repeat  the  transformation  of  a- 
methylfuran  and  a-methylfuranldine  into  a-methylpyrrole  and  a-methylpyrrolidine, 
respectively,  described  by  one  of  the  present  authors;  the  data  cited  in  the 
paper  referred  to  [2]  merely  corroborated  the  results  achieved  by  us  earlier. 

r.'.  the  present  paper  we  have  demonstrated  that  none  of  the  tested  samples 
of  chromic  oxide  on  alumina  produced  as  high  yields  of  pyrrolidine  or  thlophane 
as  had  been  produced  with  alumina  alone  in  the  conversion  of  furanidine  into 
pyrrolidine  or  in  the  conversion  of  furanidine  into  thlophane. 

The  optimum  temperature  for  the  conversion  of  furanidine  into  pyrrolidine 
is  350*0  The  conversion  of  furanidine  into  pyrrolidine  exhibited  a  specific 
pecuiiai^ity  of  chromic  oxide  on  alumina  as  a  dehydrogenation  catalyst:  in  the 
55O-5OO*  range,  pyrrole  was  produced  in  addition  to  pyrrolidine,  the  quantities 
of  ihe  former  being  much  larger  than  was  the  case  when  the  reaction  was  carried 
out  with  alumina.  The  pyrrole  yield  was  17^  of  the  theoretical  (400“;  33"5^^ 
0r20s)c  The  optimum  temperature  for  dehydrogenating  the  pyrrolidine  formed  was 
400* I  the  pyrrole  yield  dropped  off  as  the  temperature  was  raised  still  higher. 

At  400“,  perceptible  amounts  of  carbazole  appeared  in  the  catalyzates. 

As  the  temperature  was  raised  beyond  this  point,  the  amount  of  carbazole  increa¬ 
sed,  its  yield  being  22^  of  the  theoretical  at  5^0*  (a  catalyst  containing  20.2^ 
CrpOa).  The  formation  of  carbazole  may  be  a  result  of  the  following  series  of 
reactions:  the  action  of  ammonia  upon  furanidine  in  the  presence  of  chromic  ox¬ 
ide  upon  alumina  converted  the  latter  into  pyrrolidine,  which  was  catalytically 
dehydrogenated  into  pyrrole  (l);  the  transformation  into  pyrrolidine  was  parallel 
ed  by  the  dehydration  of  the  furanidine  into  butadiene-1,3  (H);  condensation  of 
two  mOj.ecules  of  butadiene  with  one  molecule  of  pyrrole  at  high  temperature 
split  out  hydrogen  and  formed  carbazole  (ill): 

H  H 


W  H  ^  H 


Another  process  is  conceivable  for  the  formation  of  carbazole:  dehydrogen¬ 
ation  of  furanidine  above  Cr203/Al203  yielded  furan,  two  molecules  of  which  con¬ 
densed  with  one  molecule  of  pyrrole  (splitting  out  water)  to  form  the  carbazole: 


+2H2O 

H  H 

It  is  not  Impossible  that  the  reaction  followed  this  latter  course/  but  it 
seemed  less  likely  because  furanidine,  in  contrast  to  pyrrolidine  [3]  and  thio- 
phane  [4],  was  not  dehydrogenated  even  by  very  active  samples  of  a  Pt/charcoal 
catalyst,  neither  at  350"  [s]  nor  at  400"  [s]. 

In  our  present  research,  however,  we  have  effected  the  catalytic  dehydro¬ 
genation  of  furanidine.  When  we  passed  furanidine  over  Cr203/Al203  (20.2^ 
at  500",  we  secured  a  small  quantity  of  furan,  though  tne  bulk  of  the  catalyzate 
consisted  of  high-boiling  compounds  (b.p.  up  to  260" ) .  That  portion  of  the 
catalyzate  was,  no  doubt,  a  product  of  the  polymerization  of  the  dihydrofuran 
formed  during  the  step-by-step  dehydrogenation  of  the  furanidine.  The  high 
percentage  of  hydrogen  in  the  gas  evolved  during  the  experiment  (59^)  vas  like¬ 
wise  evidence  that  the  furanidine  had  been  dehydrogenated  catalytically. 

Thus,  in  our  present  research,  fiiranidlne  has  been  catalytically  dehydro¬ 
genated  to  furan  for  the  first  time: 

CrsOs/AlsOa  ” 

The  dehydrogenation  of  the  furanidine  was  paralleled  by  its  dehydration, 
yielding  butadiene-1, 5>  which  constituted  6^  of  the  exhaust  gases.  We  also  ob¬ 
served  the  decomposition  of  the  furanidine  to  propylene  ['r],  which  is  usual  whe).i 
oxlde^  catalysts  are  employed. 

The  presence  of  furan  and  butadiene  in  the  products  of  the  catalysis  of 
furanidine  above  chromic  oxide  on  alumina  at  500*’  justifies  the  assumption  that 
carbazole  can  be  formed  in  both  of  the  ways  cited  above. 

No  dehydrogenation  of  the  thiophane  was  observed  when  furanidine  was  con¬ 
verted  into  thiophane  above  chromic  oxide  on  alumina  at  250-400* .  This  may  be 
due  to  the  fact  that  thiophane  is  dehydrogenated  in  the  presence  of  platinized 
charcoal  only  at  350-400"  [4],  and  even  then  not  completely,  so  that  its  dehydro¬ 
genation  above  Cr203/Al203  would  have  required  a  higher  .  te_mperatui*e  "than  that 
needed  for  the  dehydrogenation  of  pyrrolidine.  Pyrrolidine  is  completely  de¬ 
hydrogenated  to  pyrrole  at  3OO"  in  the  presence  of  platinized  asbestos  [3] 

EXPERIMENTAL 

Each  set  cf  tests  was  made  with  the  same  sample  of  catalyst,  with  subsequent 

A  reaction  of  this  type  has  been  described  for  the  formation  of  indole  from  two  molecules  of  pyrrole  [12] 

^  wmeBia  b«lng  split  out.  Hence,  the  formation  of  carbazole  may  also  be  thought  of  as  the  result  of  tlie 

condensation  of  three  molecules  of  pyrrole,  two  molecules  of  ammonia  being  split  out. 
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regeneration  of  the  latter.. 

la  Conversion  of  Furanidine  Into  P:/Trolidine ,  Pyrrole,  and  Carhazole 

The  furanidine  was  passed  over  trfe 'catalyst  in  a  current  of  ammonia  at  the 
rate  of  6-7  drops  per  minute.  The  rate  of  feed  of  the  ammonia  was  the  same  in 
each  test,  being  set  at  the  optimum  value.  The  tests  were  run  at  300^  35^^  400, 
450,  and  500",  The  receiver  and  the  worm- condenser  trap  attached  to  it  were  well 
chilled.  The  resulting  condensate  was  saturated  with  caustic  soda,  and  the  oily 
layer  was  separated  and  desiccated  with  fused  caustic  soda.  An  excess  of  the 
solid  alkali  was  added  to  the  aqueous  solution,  and  then  the  latter  was  distilled 
into  a  dephlegmator ,  collecting  the  fraction  that  passed  over  up  to  100 " ,  This 
fraction  was  combined  with  the  oily  part  of  the  condensate,  and  then  the  mixture 
of  the  reaction  products  was  carefully  desiccated  and  distilled. 

The  pyrrolidine  and  pyrrole  were  isolated  by  distillation;  the  carbazole 
was  collected  at  the  end  of  the  reaction  tube  and  from  the  receiver,  some  of  it 
also  being  recovered  from  the  residues  left  after  the  pyrrolidine  and  the  pyrrole 
had  been  driven  off.  During  the  first  distillation,  pyrrolidine  was  collected  in 
the  85-89“  range,  and  pyrrole  in  the  128-132“  range. 

The  quantities  (in  grams)  of  nitrogenous  products  of  the  conversion  of 
furanidine  when  it  was  acted  upon  by  ammonia  in  the  presence  of  various  samples 
of  chromic  oxide  upon  alumina  are  given  in  Table  1,  The  yields  of  pyrrolidine, 
pyrrole,  and  carbazole  are  listed  in  Table  2,  which  also  gives  comparative  data 
on  the  production  of  pyrrolidine  with  alumina  alone. 

Table  2  shows  that  when  chromic  oxide  on  alumina  is  used,  the  maximum 
yield  of  pyrrolidine  was  only  17,5-17^  of  the  theoretical  at  ,  whereas  the 

yield  of  pyrrolidine  was  30-5^  of  the  theoretical  [8]  at  35^“  and  46.5^  of  the 
theoretical  [s]  at  400“  over  alumina  alone.  At  these  temperatures  even  the  over¬ 
all  yield  of  nitrogenous  products  of  the  conversion  of  furanidine  when  Cr203’/Al203 
was  used  was  lower  than  the  yield  of  pyrrolidine  alone  when  alumina  was  used. 

The  pyrrolidine  secured  in  all  the  tests  was  combined;  it  possessed  the 
following  constants  after  redist illation; 

B.p,  85o5-88,6“  {751  mm);  l.o4431,  0.4'^  0,8585,  pirr-c’-o  (frau  ali.rh'r'l), 

m.p,  112’',  a  test"  sa:.'ple,  iiiixeu  with  pyrro.:. iui''!--'  narrate exhibited  no 

.depression. 

Literature  data:  B.p.  85, 4-86, 4“  (748  mm);  1,4428;  d^®  0,8578  [8], 

The  pyrrole  combined  from  the  various  distillates  had  the  following 
constants  after  another  redistillation: 

B.p,  130-131“  (761  mm);  ng°  I.5O6O;  d|°  0,9502. 

Literature  data:  B.p,  128,5°  (746  mm);  1,5093  [s];  B,p,  I3O-I5I* 

(760  mm);  ng*^  I.509I;  df®  0,9480  [10]. 

The  carbazole  had  a  m.p,  of  236*  after  recrystallization  from  chloroform. 

A  test  sample,  mixed  with  known  carbazole,  exhibited  no  depression. 

Found  N  8,36,  C12H9N.  Computed  K  8,37. 

2.  Conversion  of  Fiiranidine  Into  Thiophane 

The  furanidine  was  passed  over  the  catalyst  in  a  current  of  hydrogen  sulf¬ 
ide  at  the  rate  of  10-12  drops  per  minute.  The  condensate  was  saturated  with  caus 
tic  soda,  and  the  reaction  product  was  separated,  desiccated  with  calcium  chloride 
and  distilled  in  the  116-120“  range  into  a  dephlegmator  above  pieces  of  cuastic 
soda.  No  thiophene  was  found  in  the  distillate.  The  results  of  our  experiments 
on  the  conversion  of  furanidine  into  thiophane  in  the  presence  of  chromic  oxldei  on 


Table  1 


Reaction  of  furanidine  with  Aimonia  in  the  Presence  of  Chromic  oxide  on  Alumina 


Catalyst 

9. 5%  CrgOa 

14%  Cr203 

20. 2%  CrgOa 

33, 

5%  Cr203 

g.  of  product 

g.  of  product 

g.  of  product 

g.  of  product 

Temp. 

Puran- 

ft^rrol- 

R^r- 

car- 

Purar 

Pyrrol- 

Rrrrole 

car- 

Flir- 

Pyrrol- 

Fy^rrole 

car- 

Pur- 

Pyr- 

E^rrole 

car-  1 

idine 

idine 

role 

baz- 

idine 

idine 

baz- 

ani- 

idine 

baz- 

ani- 

rol- 

baz-  s 

used 

ole 

used 

ole 

dine 

ole 

dine 

idine 

ole  ) 

g 

g 

used 

used 

i 

g 

g 

_ i. 

300 

10 

0.3 

0 

0 

10 

0.55 

TraoBBS 

0 

15 

2.6 

Traces 

0 

15 

2.0 

Traces 

0 

350 

10 

0.4 

Tra¬ 

ces 

0 

10 

0.5 

1.0 

0 

15 

2.5 

0.7 

0 

15 

2.4 

1.5 

0  1 

400 

10 

0.3 

0.25 

0 

10 

0. 65 

0.5 

0.1 

15 

0.7 

1.4 

0.4 

15 

1.0 

2.4 

0.3  1 

450 

10 

0 

0.1 

Tra¬ 

ces 

10 

0.3 

0.35 

0.3 

15 

0 

1.0 

0.7 

15 

0 

1.6 

0.9  I 

I 

■  500 

10 

0 

Tra¬ 

ces 

0.15 

10 

0 

0.25 

0.2£ 

15 

0 

0.75 

2.6 

15 

0 

0.9 

1.4  j 

t  Table  2 


Yield  of  Nitrogenous  Products  in  the  Conversion  of  Purwiidine  with  Chromic  Oxide  on  Alumina  (%  of  the 

theoretical) 


Catalyst 

9.5%  CTgOs 

14%  CrsOs 

20.2%  Cr203 

33.^%  CTgOj 

AI2Q3 

- 

Temp. 

IVrrol- 

Pyrrole 

Car 

Pyrrol- 

Pyrrole 

Car 

Rrrrol- 

I^rroie 

Car- 

Pyrrol- 

Pyrrole 

Car- 

Pyrrolidine 

idine 

g 

g 

baz- 

ole 

g 

idine 

g 

g 

baz 

ole 

g 

idine 

g 

g 

baz- 

ole 

g 

idine 

g 

g 

baz- 

ole 

g 

g 

1 

J 

300 

3.0 

0 

0 

5.5 

Traces 

0 

l7.5 

Traces 

0 

13.5 

graces 

0 

Slight  ! 

350 

4.0 

Traces 

0 

5.0 

10.5 

0 

17.0 

5.0 

0 

16.0 

10,5 

0 

30. 5  [«]  ! 

400 

3.0 

2.5 

0 

6.5 

5.0 

1.0 

4.5 

10.0 

3.5 

6.5 

17.0 

2.5 

46.5  [9J  .  . 

450 

0 

Jl.O 

Tra¬ 

ces 

3.0 

3.  5 

3.5 

Q 

7.0 

6.0 

0 

11.5 

7.5 

14.0  M 

500 

0 

0 

2.0 

0 

2.5 

3.0 

0 

5.0 

22.0 

0 

6.5 

12.0 

Not  Carrie;- 
oat 

I 

I 

i 

Table  3 

Conversion  of  Furanidine  into  thiophane  in  the  Presence  of  chromic  oxide  on  Alumina 


catalyst 

9.5%  Cr203 

14%  Cr203 

20.2%  Cr203 

33.5% 

Cr203 

Thiophane  yield(%  of  theoretical. 

Temp. 

Furanidine 

Thiophane 

Purani - 

Thio- 

Purani- 

Thio- 

Purani 

Thio- 

9.5% 

14% 

20.2% 

33.5% 

used  g 

yield  g 

dine 
used  g 

phane 

yield 

g 

dine 
used  g 

phane 

yield 

g 

dine 
used  g 

phane 

yield 

g 

Al'sOs 

Cr203 

Cr203 

Cr20b 

Cr203 

250 

5.0 

2.4 

5.0 

2.7 

10 

3.2 

5.0 

2.5 

.48.0 

39.0 

44.0 

26.0 

'41.0 

30^ 

5.0 

4.0 

5.0 

4  2 

7.0 

6. 6 

5.0 

3.0 

80.0 

65.5 

70.0 

78.0 

49.0 

35p 

5.0 

3.2 

5.0 

2.5 

5.0 

3.2 

5.0 

2.6 

85,  Q 

52.0 

41.0 

52.0 

42.5 

400 

5  0 

2.0 

5.0 

2.4 

7.0 

2.0 

5.0 

2.5 

9Q.5 

32.5 

39.0 

23.0 

41.0 

alumina  are  listed  in  Table  3-  We  see  from  this  table  (which  also  lists  data  on 
the  production  of  thiophane  in  the  presence  of  alumina  alone)  that  3OO**  is  the 
optimum  temperature  for  converting  furanidine  into  thiophane  above  chromic  oxide 
on  alumina  (the  thiophane  yield  being  78^  of  the  theoretical) .  Nevertheless,  the 
yield  of  thiophane  was  lower  than  the  yield  secured  with  alumina  alone,  at  this 
optimum  temperature  as  well  as  at  all  the  others. 

All  the  thiophane  collected  in  all  the  tests  was  combined  and  redistilled 
above  sodium,  after  which  it  had  the  following  constants; 

B.p.  119.5-120*  (760  mm);  n|°  1,5050;  d|°  O,9959o 

Literature  data:  B.p.  119.8-120“  (76O  mm),  n^°  I.5O52;  df®  0.99^0  [9]. 

3.  Behavior  of  Funanidlne  in  the  Presence  of  Cr2Q3/Al203  at  500° 

30  g  of  furanidine  was  passed  over  chromic  oxide  on  alumina  (22, 5']^'  Cr203) 
at  500“  at  the  rate  of  8  drops  per  minute.  This  yielded  11. 5  g  of  condensate 
(3.7  g  of  which  was  water);  iL.l  liters  of  gas  were  evolved.  The  condensate,  sep¬ 
arated  from  the  water  and  desiccated  above  calcium  chloride,  was  distilled  in  a 
Favorsky  flask  into  a  narrow  dephlegmator  L5  cm  high.  Distillation  of  7*5  S  of 
the  desiccated  condensate  yielded: 

28-32“  Fraction;  n^°  I.4185  (0,6  g);  and  32-66“  fraction;  1.4074  (0.2  g) . 

The  remainder  did  not  have  a  constant  boiling  point,  distilling  in  the 
66-260“  range.  The  higher -boiling  residue  totaled  2.8  g. 

Fraction  1  (b.p,  of  28-32“)  was  furan  (positive  reaction  for  f’Jiran  with 
pine  chips  wetted  with  concentrated  hydrochloric  acid);  the  refractive  index  of 
the  resulting  furan  was  somewhat  lower  than  that  of  pure  furan  (n^®  1,4238),  owing 
to  minute  quantities  of  furanidine  that  were  hard  to  eliminate  by  distillation. 

The  gaseous  reaction  products  were  analyzed  for  02^  00,  CO2,  unsaturated 
hydrocarbons  (aggregate),  butadiene,  and  hydrogen.  The  results  of  this  gas  anal¬ 
ysis  are  given  in  Table  4. 


TABLE  4 


Composition  of  the  Gas  Evolved  when  Furanidine  was  Passed  Over 

Cr203/Al203  at  500“ 


Quantity  of 
gas  evolved 
(NTP),  liters 

Per  cent  composition  of  the  gas 

O2 

1 - 

GO 

CO2 

Unsaturated  hydrocarbons  | 

H2 

OnHsn 

OnHpn  -  2 

l4,i 

0,4 

0.25 

11.0 

23.0 

6.0 

59,0 

The  gas  analysis  data  Indicate  that  when  the  furanidine  was  passed  over 
the  chromic  oxide  on  alumina,  it  was  decomposed  to  propylene  (Cj.H2n)  dehydra¬ 

ted  to  butadiene  (CnH2n-2)^  and  dehydrogenated,  yielding  furan  and,  probably, 
larger  amounts  of  dihydrofuran,  which  then  yielded  the  high-boiling  polymers. 

The  butadiene  was  determined  by  the  Korotkov  method  [n];  the  propylene 
was  determined  by  preparing  1,2-dibromopropane  (11,2  g) : 

B.p.  139,5-1^0.5“ '(750  mm);  ng°  1.5248;  d|°  1.9329. 

SUMMARY 

The  following  conclusions  may  be  drawn  from  the  data  secured  in  the  con¬ 
version  of  furanidine  into  heterocyclic  compounds  containing  nitrogen  or  sulfur 
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by  passing  it  over  chromic  oxide  on  alumina. 

1.  The  optimum  temperatures  for  converting  furanidine  into  pyrrolidine 
or  thiophane  are  below  the  optimum  temperatures  for  similar  transformations  with 
alumina  alone. 

2.  The  yields  of  pyrrolidine  and  thiophane  secured  with  chromic  oxide  on 
alumina  at  optimum  temperature  are  considerably  lower  than  those  secured  with 
alumina. 

5.  The  conversion  of  furanidine  into  pyrrolidine  at  550-500"  with  chromic 
oxide  on  alumina  is  accompanied  by  the  dehydrogenation  of  the  pyrrolidine  into 
pyrrole,  which  reaches  a  maximum  at  ii00" . 

4.  It  has  been  established  for  the  first  time  that  the  conversion  of  furan¬ 
idine  into  pyrrolidine  at  400-500"  with  chromic  oxide  on  alumina  also  involves  the 
formation  of  carbazole,  its  maximum  yield  occurring  at  5OO" . 

5.  The  probable  reactions  involved  in  the  formation  of  carbazole  from  the 
pyrrole  resulting  from  the  dehydrogenation  of  pyrrolidine,  on  the  one  hand,  and  of 
butadiene  or  furan,  resulting  from  the  furanidine,  on  the  other,  are  suggested  and 
discussed. 

6.  It  has  been  shown,  for  the  first  time,  that  furanidine  can  be  dehydro¬ 
genated  catalytically  to  furan  at  *500"  in  the  presence  of  chromic  oxide  on  alum¬ 
ina. 
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CAMPHENE  REARRANGEMENTS  AND  THEIR  OPTICAL  CONSEQUENCES 

II „  CHANGE  IN  OPTICAL  ACTIVITY  IN  THE  TRANSITION 
PROM  TERT-PROPYLRORNEOL  TO  4-PROPYLISORORNEOL 


A  I„  Shavrygin 


In  contrast  to  the  transition  from  optically  active  camphor  to  isohorneol, 
which  always  involves  racemization  when  carried  out  in  a  Bertram-Wahlhaum  reaction, 
the  two  4-suhstituted  isoborneols  -  4-methylisohorneol  and  4-propylisohorneol  - 
prepared  in  our  laboratory  from  the  respective  optically  active  a-substituted  cam- 
phenes  proved  to  be  optically  active  [i].  This  phenomenon  was  one  of  the  basic 
points  of  departure  for  our  subsequent  research  on  the  problem  of  racemization  and 
optical  reversal  in  the  camphene  rearrangement,  which  Bredt  was  the  first  to  point 
out  [2].  What  is  at  issue  here  is  that  the  formation  of  these  optically  active  4- 
substltuted  isoborneols  from  the  respective  optically  active  a-substituted  cam- 
phenes  occurs  via  a  Class  II  camphene  rearrangement,  i.e,,,  a  double  reversal  of 
the  sign  of  the  rotatory  power,  as  the  result  of  reaction  with  glacial  acetic  acid 
to  which  sulfuric  acid  has  been  added.  We  generalized  this  and  represented  it  by 
the  following  equations,  using  as  our  example  the  methyl- substituted  homologs  of 
camphene  and  Isoborneol,  [3]. 


H2C — CE— c 


^CHa 


CH2 
I  1 
H2C - C - C=CH2 

CHa 

(+)  a-Methyl camphene 


H2C 


H2C- 


-CH— 

1 

CH2 


CHa 


■C - 0 

I 

CHa 


<c 


CHa 

Ha 


a-Methylcamphene 
hydrate ] 


[(-; 


3-Methyl camphene 
hydrate ] . 


CHOH 


H2O 

(iha 

(+)  4 -Methyl isoborneol. 


Obviously,  a  similar  diagram'  could  be  used  to  represent  the  series  of  trans¬ 
formations  from  a-propylcamphene  to  4-propylisoborneol,  i.e.,  starting  with  dextro¬ 
rotatory  a-propylcamphene,  we  should  secure  dextrorotatory  4-propylisoborneol;  this 
has  been  confirmed  experimentally » 

It  should  be  noted,  however,  that  the  transformation  of  the  optically  ac¬ 
tive  tert-propylborneol  into  the  optical] y  active  4-propylisoborneol  is  much  more 
complicated  than  the  transition  from  tert, -methylfenchyl  alcohol  to  4-methyliso- 
borneol.  Indeed,  when  tert . -propylborneol  is  dehydrated,  we  not  only  get  the 
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corresponding  a-substituted  camphene,  as  is  the  case  in  the  dehydration  of  tert.- 
inethylfenchyl  alcohol,  but  also  a  mixture  of  two  hydrocarbons  a-propylcamphene 
and  propylidenecamphane,  the  latter  being  the  principal  dehydration  product.  This 
is  borne  out  by  the  fact  that  the  hydrocarbon  mixture  secured  from  the  levorotaV 
tory  tert . -propylborneol  possesses  the  same  levorotation,  whereas  the  a-propyl- 
camphene  formed  from  the  same  alcohol  via  a  Class  I  camphene  rearrangement  (a 
Wagner  rearrangement)  ought  to  be  dextrorotatory  according  to  the  rule  we  have 
established  experimentally.  In  fact,  it  has  been  shown  in  numerous  instances  [4^ 
that  dehydration  of  substituted  tertiary  bornyl  alcohols  takes  place  without 
changing  the  sign  of  rotation  of  the  original  alcohol,  provided  the  dehydration 
does  not  involve  isomerization.  Whenever  the  dehydration  is  accompanied  by  a 
Wagner  camphene  rearrangement,  the  sign  of  rotation  is  reversed. 

We  were  interested  in  checking  whether  these  rules,  viz. ;  a  double  change 
of  the  sign  of  rotation  during  a  Class  II  camphene  rearrangement  and  a  reversal 
of  the  sign  of  rotation  or  its  retention  in  the  dehydration  of  tertiary  bornyl 
alcohols,  applied  to  the  propyl- substituted  homologs  of  the  camphor  group.  From 
the  logical  point  of  view,  all  that  we  needed  to  settle  the  problem  was  to  use 
levorotatory  camphor  instead  of  dextrorotatory  camphor  as  oiir  initial  material. 

We  could  then  make  the  a  priori  assumption  that  the  change  in  the  optical  activity 
entailed  by^ the  conversion  of  tert -propylborneol  into  a  secondary  alcohol,  4- 
propyllsoborneol,  ought  to  be  the  opposite  of  what  we  had  observed  in  our  prev¬ 
ious  investigations. 

Our  experimental  data  conflrmedu.  this  supposition.  The  tert . -propylbornyD 
alcohol  prepared  from  levorotatory  camphor  turned  out  to  be  dextrorotatory,  and 
its  dehydration  yielded,  as  we  had  expected,  a  hydrocarbon  mixture  of  propyl 1 dene 
camphane  and  a-propylcamphene,  which  was  likewise  dextrorotatory.  But  when  we  re¬ 
acted  this  hydrocarbon  mixture  with  glacial  acetic  acid  in  the  presence  of  sulf¬ 
uric  acid,  after  saponifying  the  corresponding  ester,  we  ended  up  with  a  second¬ 
ary  alcohol,  U-propylisoborneol,  that  was  levorotatory. 


These  experimental  data  on  optical  relationships  definitely  indicate  that 
the  dehydration  of  dextrorotatory  tert . -propylborneol,  like  that  of  the  levo¬ 
rotatory  form,  takes  place  in  two  ways.  The  first  -  the  major  pattern  -  results 
in  the  formation  of  propyl idenecamphane,  the  sign  of  rotation  remaining  unchanged, 
and  thus  does  not  entail  any  isomerization. of  the  blcycllc  system  of  the  tertiary 
alcohol.  The  second  patteI^n  results  in  the  formation  of  a-propylcamphene,  with 
the  opposite  sign  of  rotation,  and  hence  entails  a  Wagner  camphene  rearrangement, 
i.e.,  a  thoroughgoing  isomerization  of  the  carbon  skeleton  o.f  the  original  tert¬ 
iary  alcohol: 


HsC - CH - CHs 

1  OH 

HgC - C— - C<( 

CH2-CH2-CH3 


(+)  Tert . -Propylborneol. 


H2C- 


-CH- 


CH2 


H3C-C-CH3 


H2C- 


■C - 

1 

CH3 


-C=CH-CH2-CH3 


(+)  Propyl Idenecamphane. 


H2C - CH - ‘C 

CH2 

1 

H2C - C - C=:CH2 

I 

CH2-CH2-CH3 
[  ( - )a-Propylcamphene ] . 
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The  formation  of  a-propylcamphene  as  a  constituent  of  the  hydrocarbon  mixture 
had  been  demonstrated  experimentally  in  our  previous  investigations.  As  for  the 
levorotation  of  the  a-propylcamphehe,  this  is  borne  out  by  the  fact  that  the  k- 
propylisoborneol  formed  from  it  as  a  result  of  a  series  of  transformations  con¬ 
stituting  a  camphene  rearrangement  of  the  second  order  likewise  was  levorota- 
tory,  as  Indicated  above: 

C3H7 

HgC - C - CH2 

H3C-O-CH3 

H2C - C - C 

1 

^CH3 

(-)  4-PropyllsobDrneol. 

It  may  therefore  be  considered  an  established  fact  that  the  levorotatory 
4-propylisoborneol  is  produced  from  the  levorotatory  a-propylcamphene,  while  the 
dextrorotatory  4-propylisobiDrneol  is  produced  from  the  dextrorotatory  a-propyl¬ 
camphene .  These  results  justify  our  concluding  that  here  we  have  the  same 
pattern  of  a  change  of  optical  activity  that  we  observed  in  the  transition  from 
the  dextrorotatory  a-methylcamphene  to  the  dextrorotatory  4-methyllsoborneol, 
i.e,,  here  too,  a  Class  II  camphene  rearrangement  entails  a  double  change  in 
the  sign  of  rotation. 

The  second  constituent  of  the  hydrocarbon  mixture  formed  by  dehydrating 
tert . -propylborneol,  propyl i dene camphane,  is  also  converted  into  4-propylisobor¬ 
neol  by  a  reaction  with  glacial  acetic  acid  and  sulfuric  acid;  but  in  this  pro¬ 
cess  it  is  first  Isomer ized  to  a-propylcamphene.  The  direct  conversion  of 
propylidenecamphane  into  an  ester  of  4-propylisoborneol  without  passing  through 
the  stage  in  which  a-propylcamphene  is  formed  is  Inconceivable.  This  is  borne 
out  by  the  experimental  data  secured  in  our  laboratory  [s],  namely:  numerous 
attempts  to  hydrate  benzylidenecamphane  with  a  view  to  securing  the  respective 
homologs  of  isoborneol  and  camphor  via  a  Class  II  camphene  rearrangement  all 
met  with  failure. 


It  should  be  noted  at  this  point  that  these  negative  results  are  also  a 
splendid  illustration  of  the  rule  we  have  established,  namely,  that  the  dehyd¬ 
ration  of  substituted  tertiary  bornyl  alcohols  that  does  not  involve  a  Wagner 
camphene  rearrangement  does  not  cause  a  change  in  the  sign  of  rotation.  In  this 
connection,  the  transition  from  tert . -benzylbornyl  alcohol  to  benzylidenecamph¬ 
ane  is  particularly  interesting,  since  in  this  case  the  benzylidenecamphane  is 
practically  the  only  dehydration  product,  as  we  had  noted  earlier,  besides  being 
secured  in  crystalline  form.  In  our  previous  investigations  we  had  noted  [4] 
that  this  transition  actually  causes  no  change  in  the  sign  of  rotation.  Levo¬ 
rotatory  tert o -benzylborneol  with  [a]p®  -23.12*  yielded  levorotatory  benzylid¬ 
enecamphane  with  [a]^”^  -67  =  97* «  Here  is  further  confirmation  of  the  correctness 
of  the  rule.  Dextrorotatory  tert -benzylbornyl  alcohol  with  [a]^"*  +22.96*  was 
prepared  from  levorotatory  camphor.  Dehydrating  it  yielded  benzylidenecamphane, 
which  was  likewise  dextrorotatory,  as  was  to  be  expected,  with  [a]p^  +  68.54* 

The  foregoing  may  be  represented  graphically  as  follows: 
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-CH- 


H2O- 
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H3O-C-CH3 


■K 


OH 


CH3 


CH2C6H5 
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Tert . -benzylbornyl  alcohol. 


H2O - CH - CH2 

H3C-C-CH3 

H2C - d: - C=CHC6H5 

iH3 


(-) 

(+) 


Benzylidenecamphane . 
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It  has  thus  been  twice  established  experimentally  that  in  this  instance 
the  optical  relationships  are  in  full  conformity  with  the  mechanism  involved  in 
the  dehydration  of  tert.-benzylbornyl  alcohol.  Inasmuch  as  no  formation  of  the 
respective  a-substituted  camphene,  with  a  farreaching  change  in  the  tertiary  al¬ 
cohol's  bicyclic  system,  has  ever  been  found  to  occur  up  to  the  present  time, 
it  is  quite  evident  that  no  further  transformations  along  the  lines  of  a  Class 
II  camphene  rearrangement  could  occur  here. 

EXPERIMENTAL 

The  Initial  material  for  the  present  research  was  levorotatory  camphor, 
produced  by  oxidizing  levorotatory  borneol,  which  in  turn  had  been  isolated  from 
pine  oil.  In  the  preparation  of  levorotatory  camphor  we  followed  in  the  main 
the  procedure  outlined  by  Golubev  [s],  who  was  the  first  to  secure  levorotatory 
camphor  from  pine  oil  and  correctly  evaluated  the  method  he  proposed.  The  in¬ 
termediate  products,  especially  the  borneol,  were  carefully  purified.  The  born¬ 
eol  had  a  m.p.  of  205-206°  after  having  been  distilled  with  steam  and  recrys¬ 
tallized  from  petroleum  ether. 

Rotation  in  alcoholic  solutions  1.2046  gj  P  0.8544j 

a  -2.75“  (1  1  dm) 5  [ajp  -56.35'. 

The  borneol  was  oxidized  to  camphor  in  batches  of  100  grams  with  nitric 
acid,  sp.  gr.  1.38-1.4.  The  reaction  was  carried  out  as  follows  in  a  round-bot¬ 
tomed  flask  with  an  outlet  tube.  Twice  the  weigl’it  of  nitric  acid  was  added  to 
the  borneol  in  a  single  batch.  After  some  time  had  elapsed,  a  violent  reaction 
set  in,  with  the  evolution  of  considerable  heat.  Then  the  reaction  mixture  was 
allowed  to  stand  for  some  4-5  hours  at  room  temperature,  being  shaken  up  at 
intervals.  The  contents  of  the  flask  were  then  poured  into  a  large  volume  of 
water.  The  camphor  precipitated  at  once;  it  was  suction,  filtered  out  and  then 
twice  distilled  with  steam  in  the  presence  of  an  alkali  solution.  The  camphor 
was  freed  of  water  by  dissolving  it  in  ether,  desiccating  the  ether  solution 
with  calcium  chloride,  driving  off  the  ether,  and  desiccating  the  camphor  in  a 
desiccator.  The  camphor  thus  prepared  had  a  yellowish  tinge,  a  m.p.  of  I78- 
178.5°,  the  characteristic  pleasant  odor,  and  high  optical  activity. 

Rotation  in  alcoholic  solution:  l,2l42  gj  P  8.89^;  df^  O.8316; 
a  -3.05*  (1  1  dm);  [alj)  41.24°. 

The  camphor  was  rendered  colorless  by  converting  it  via  the  semicarbazone; 
its  melting  point  remained  the  same,  but  its  rotatory  power  in  alcoholic  solu¬ 
tion  increased  somewhat. 

1.2026  g;  P  8.86^;  dfs  0,8520;  a  -3.10°  (l  1  dm) ;  [a]^  -42.06°. 

Tert-allylbornyl  alcohol.  This  was  prepared  in  the  usual  manner,  i.e., 
by  reacting  camphor  with  magnesium  and  allyl  bromide.  Eight  tests  were  made, 

20  g  of  camphor  being  used  in  each  test.  All  the  tests  were  successful.  The 
alcohol  was  purified  by  fractional  distillation;  b.p.  124-126°  at  22  mm. 

Rotation  in  alcoholic  solution:  1.2312  g;  P  9.17“)^';  df^  0.83^5; 
a  +  1.15°  (1  1  dm);  [ajp  4-15.04°, 

Tert . -propylbornyl  alcohol .  This  was  produced  by  hydrogenating  I67  g  of 
allylbornyl  alcohol  with  a  nickel  catalyst.  The  reaction  was  carried  out  at  room 
temperature  in  a  1:2  alcoholic  solution,  with  vigorous  mechanical  stirring  of 
the  reaction  mixture;  the  yield  was  good.  After  appropriate  further  processing, 
the  tert . -propylborneol  was  fractionated.  Part  of  the  alcohol  distilled  at  247- 
249°  (7^4  mm);  it  proved  to  be  a  liquid  that  solidified  completely  upon  cooling. 
The  bulk  of  the  residue  distilled  at  the  same  pressure  at  249-250*  and  solidified 
at  room  temperature;  the  m.p.  of  this  portion  of  the  product  was  30-31*5°  (in  a 
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test  tube),  i.e.,  the  same  as  that  of  the  levorotatory  tert . -propylhorneol  secured 
previously. 

Rotation  in  alcoholic  solution;  1,2248  gj  P  9»25^5  df"^  0,83595 
a  +  0,95*  (l  1  dm)}  [a]j)  +  12,29o 

3,560  mg  substance:  10,355  nig  CO2}  5*955  nig  H2O.  Found  C  79*355  H  12.43* 
C13H24O.  Computed  C  79*515  H  12.33* 

The  dextrorotatory  tert . -propylhorneol  is  a  stable  compound  that  distils 
at  ordinary  pressure  without  splitting  out  water  and  has  a  pleasant  pine  odor. 

Dehydration  of  otert. -propylhorneol.  In  our  previous  paper  we  proved  that 
the  reaction  of  tert , -propylhorneol  with  glacial  acetic  acid  and  sulfuric  acid  is 
chiefly  a  dehydration  of  the  alcohol,  resulting  in  a  hydrocarbon  mixture  of  propyl- 
idenecamphane  and  a-propylcamphene ,  The  a-propylcamphene  also  yields  a  small  anr- 
ount  of  the  respective  acetate,  saponification  of  which  produces  a  secondary  alco¬ 
hol:  4-propyiisoborneol.  We  repeated  these  experiments,  and  we  shall  cite  the  re¬ 
sults  of  one  of  them,  8l  g  of  tert . -propylhorneol  was  heated  over  a  water  bath  to 
55-60*  for  25  hours  with  three  times  it  weight  of  glacial  acetic  acid  in  the  pres¬ 
ence  of  8  g  of  50*5^  sulfuric  acid.  After  the  subsequent  customary  processing,  the 
reaction  product  was  fractionated  in  vacuum.  Most  of  it  distilled  at  98-99*  at  20 
mm. 

df°  0,87255  n|°  1,47805  MRp  57*795  computed  57*37* 

The  difference  between  the  observed  and  computed  molar  refraction  is  evidence  of 
the  semlcyclic  nature  of  the  double  bond  in  the  hydrocarbon. 

Rotation  without  a  solvent,  (l  1  dm)  5  a  +29*92*5  [a]p'^+34,29*  * 

3,165  mg  substance;  10,l80  mg  CO25  3*530  mg  H2O,  3*310  mg  substance; 

10,650  mg  CO25  3*740  mg  H2O.  Found  C  87*72,  87*755  H  12.48,  12,64. 

C13H22.  Computed  C  87.555  H  12,45, 

All  of  the  properties  of  the  distilled  product  indicate  that  it  is  a  mix¬ 
ture  of  propylidenecamphane  and  a-propylcamphene,  the  only  difference  being  that 
now  the  sign  of  rotation  is  reversed,  as  was  to  be  expected. 

4 - Propylhorneol ,  After  the  bulk  of  the  hydrocarbon  mixture  had  been  dis¬ 
tilled  off,  there  remained  a  residue  (IO.5  g)  in  the  distilling  flask  that  conaisted 
of  a  hydrocarbon  and  the  4 -propylhorneol  acetate  that  had  been  formed.  This  resi¬ 
due  was  saponified  with  an  aqueous-alcoholic  alkali  over  a  boiling  water  bath  for 
4-5  hours,  without  separating  the  acetate.  The  usual  processing  and  vacuum  dis- 
tillatlc'n  of  the  hydrocarbon  yielded  3*1  g  of  4-propyllsoborneol,  After  being 
squeezed  out  on  a  porous  plate,  the  coarsely  crystalline  4 -propylhorneol  exhibited 
the  expected  levorotatlon,  [a]§®  -9*96*. 

Rotation  without  a  solvent;  1.2016  g}  P  9*64^5  dj^  0.83335 

a  -0,8*  (1  1  dm) 5  [a]p  -9*96". 

3,155  nig  substance;  9,165  mg  C625  3*5^0  nag  H2O,  Found  C  79*225  H  12  56. 

C13H24O,  Computed  C  79*515  H  12.23. 

The  levorotatory  4-propylisoborneol,  like  its  dextrorotatory  stereoisomer, 
had  a  m,p,  of  57-58*,  and  a  mixture  of  the  two  fused  at  the  same  temperature.  As 
vre  had  found  in  our  previous  investigations,  repeated  hydrations  of  the  hydrocarb¬ 
on  mixture  resulted  in  the  partial  formation  of  4-propylisoborneol 5  the  properties 
of  the  distilled  hydrocarbon  mixture  that  had  not  entered  into  the  reaction  were 
unchanged,  except  for  the  rotation,  which  grew  progressively  smaller. 


Tert,  benzylbornyl  alcohol  was  prepared  by  reacting  an  ethereal  solution 
of  the  levorotatory  camphor  with  benzylmagnesium  chloride.  After  the  usual  subse¬ 
quent  processing  and  the  elimination  of  the  unreacted  camphor  and  of  the  dlbenzyl 


that  was  a  reaction  by-product,  the  tertiary  alcohol  distilled  at  I62-I63"  (at 
6  mm) . 

Rotation  in  alcoholic  solution:  1.0246  g;  P  7,85^5  df^  O.8316; 

a  +  1.50*  (1  1  dm);  [a]p  +  22.96“, 

Benzyl idenecamphaneL  was  prepared  by  heating  the  dextrorotatory  tert . -benzyl- 
bornyl  alcohol  with  twice  its  weight  of  potassium  bisulfite  to  I5O-I6O*  for  3 
hours  over  an  oil  bath.  After  the  usual  processing,  the  hydrocarbon  distilled 
at  150-151“  in  a  6-mm  vacuum. 

Rotation  in  alcoholic  solution:  1.0044  g;  P  5.92^;  df°  0.8621; 
a  +5.25“  (1  1  dm);  [a]^  +66.46". 

The  benzyl idenecamphane  had  a  rotatory  power  of  [a]^^  +  68.54  in  alcoholic 
solution  Xfber  it  had  been  recrystallized  from  an  excess  of  alcohol. 

0.5540  g;  P  3.28'3t;  df^  O.8266;  a  +1.85“  (l  1  dm) ;  [ajp  +68.54“. 

The  levorotatory  benzylidenecamphane  had  a  rotatory  power  of  -67*97“ 

in  the  same  solvent. 

The  melting  point  of  the  dextrorotatory  benzylidenecamphane  was  25-25.5° 

(in  a  test  tube),  i.e.,  the  same  as  its  levorotatory  stereoisomer.  A  mixture  of 
the  two  hydrocarbons  fused  at  the  same  temperature. 

d|°  O.975O;  ng°  I.563O;  MRp  75*54;  computed  72.24. 

2.760  mg  substance:  9*115  mg  CO2;  2.400  mg  H2O.  2,995  mg  substance:  9*89 

mg  CO2;  2.640  mg  H2O,  Found  C  90. 07,  90.06.  H  9*75,  9-86. 

C17H22*  Computed  C  90.19}  H  9*81. 

As  we  see,  the  optical  exaltation  of  the  dextrorotatory  benzylidenecamph¬ 
ane  is  rather  high,  3*10.  According  to  Nametkin  and  Strugatsky  [5],  the  optical 
exaltation  of  levorotatory  benzylidenecamphane  is  almost  the  same,  3*07*  The 
reason  for  this  discrepancy  is  evidently  (as  these  authors  point  out)  the  pecul¬ 
iar  structure  of  benzylidenecamphane,  namely,  its  possessing  a  semicyclic  double 
bond  conjugated  with  a  double  bond  in  the  benzene  ring.  Thus,  all  the  proper¬ 
ties  of  these  two  hydrocarbons  are  the  same,  within  the  limits  of  experimental 
error,  except  for  the  fact  that  they  exhibit  opposite  rotation. 


Melting 

point 

dt® 

- 1 

„30 
ng  , 

MRp 

observed 

[a]p 

J 

1-Benzylidenecamphane  . . 

d-Benzylidenecamphane 

25“ 

25-25,5 

0*9753 

0.9750 

1.56280 

1.5630 

75*31 

75.54 

-67.97“ 

+68.54 

As  we  have  stated  above, , transitions  from  dextro-  and  levorotatory  tert^ 
benzylbornyl  alcohols  to  the  respective  dextro-  and  levorotatory  benzylidenecam- 
phanes  (with  no  change  in  the  sign  of  rotation)  are  of  special  importance  in  a 
study  of  the  mechanism  involved  in  the  dehydration  of  substituted  tert.-bornyl 
alcohols  as  well  as  in  ascertaining  the  feasibility  of  Class  II  camphene  rear¬ 
rangements. 

Our  research  is  being  continued. 

SUMMARY 

The  optical  consequence  of  camphene  rearrangements  that  we  have  established 
previously,  to  wit:  the  double  change  in  the  sign  of  rotation  during  a  Class  II 
camphene  rearrangement;  the  reversal  of  the  sign  of  rotation  during  a  Class  I 

■y—  — .  ^  ^  ^  ^ 

The  properties  of  l-benzylidenecamiSiane  have  been  taken  from  Nametkin  and  Strugatsky  [ejwith  the  exception 
of  its  optical  activity. 
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camphene  rearrangement;  and,  lastly,  the  retention  of  the  sign  of  rotation  when¬ 
ever  the  dehydration  of  the  substituted  tertiary  bornyl  alcohols  does  not  involve 
isomerization,  have  received  further  experimental  confirmation  in  the  present 
report. 
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THE  ISOMERIZATION  OP  ISOBORNEOL  AND  4rMETHYLIS0B0RNE0L 


WHEN  DEHYDRATED  BY  THE  XANTHOGENIC  METHOD 


A  I.  Shavrygin 

In  determining  whether  isoborneol  is  a  secondary  or  tertiary  alcohol,  the 
application  to  isoborneol  and  its  homologs  of  Chugaev’s  xanthogenic  reaction, 
which  as  a  rule  does  not  cause  any  isomerization  of  the  carbon  skeleton  of  the 
original  alcohol,  is  doubtless  of  primary  importance.  In  support  of  the  fore¬ 
going  statement  we  can  cite  some  experimental  data  that  we  secured  in  our  pre¬ 
ceding  investigations.  We  found  [i]  that  the  xanthogenic  dehydration  of  two 
very  close  homologs  of  isoborneol  and  borneol,  4-methyllsoborneol  (l)  and  4- 
methylborneol  (ll),  respectively,  yielded  the  same  unsaturated  hydrocarbon, 
4-methylbornylene  (ill). 

CH3 

H2C — C — CH2 

T  OH 

H2O - C - C< 

\  m 

CH3 

(I)  (III)  (II) 

The  formation  of  the  normal  dehydration  product,  4-methylbornylene,  in  this 
case  indicates?  l)  that  the  two  alcohols  have  the  same  structure,  and  2)  that 
4-methylisoborneol  is  a  secondary  alcohol,  the  geometrical  isomer  of  4-methyl- 
borneolc  Dehydration  of  4-propylisoborneol  (IV)  by  the  same  xanthogenic  method 
likewise  proved  to  take  place  normally,  as  we  have  established  [2]^  resulting 
in  the  normal  reaction  product,  4-propylbornylene  (V). 

C3H7 

H2C - C - "CH2  H2 

H3C-C-CH3  ^ 

I  Ai 

H2C - C- - ^C<  H2 

I  ^OH 

013 

(IV)  (V) 

Here  again,  the  formation  of  4-propylbornylene  Indicates  that  4-propyliso- 
borneol  is  a  secondary  alcohol. 

Less  satisfactory  results  were  achieved  in  our  study  of  the  dehydration  of 
isoborneol  by  the  Chugaev  method  [3],  Although  the  same  bornylene  was  formed  as 
is  produced  from  borneol  under  similar  conditions,  about  the  same  quantity  of 
camphene  was  formed.  The  parallel  formation  of  bornylene  and  camphene  may  be 
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due  to  the  fact  that  the  dehydration  of  isoborneol,  In  contrast  to  that  of  its 
substituted  homologs,  is  accompanied  by  a  partial,  far-reaching  isomerization 
of  the  carbon  skeleton  of  some  of  the  isoborneol  to  a  camphene  system.  This 
isomerization  is  evidently  due  to  the  lesser  stability  of  the  isobornyl  xanth- 
ate.  When  a  rather  high  temperature,  about  200*  or  somewhat  higher,  is  main¬ 
tained  during  the  decomposition  of  the  latter,  we  get  camphene  as  well  as  . 
bornylene . 

The  cited  experimental  data  thus  indicate  that  isoborneol  and  its  4-sub- 
stituted  homologs,  4-methylisoborneol  and  4-propylisoborneol,  are  all  secondary 
alcohols,  geometrical  isomers  of  the  respective  borneols.  This  conclusion  is 
correct  only  provided  dehydration  by  the  xanthogenic  method  does  not  entail  iso¬ 
merization  of  the  isoborneol  to  borneol',  or  that  of  its  4 -substituted  homologs 
to  the  respective  4- substituted  homologs  of  borneol. 

In  the  present  paper  we  have  made  an  effort  to  resolve  this  problem,  using 
the  synthesis  and  comparison  of  some  derivatives  that  are  directly  linked  to 
bornyl-  and  isobornylxanthic  acids  and  to  4-methylbornyl-  and  4-methylisobornyl- 
xanthic  acid.  We  must  first  mention  our  synthesis  of  imido  xanthides  from  4- 
metliylborneol  and  4-methylisoborneol,  i.e.,  two  new  representatives  of  the  ter- 
penes  of  this  interesting  class  of  colored  organic  compounds  first  discovered 
by  Chugaev  [4],  Inasmuch  as  the  imido  xanthides  are  formed  by  reacting  aromatic 
imide  chlorides  with  sodium  or  potassium  xanthates,  we  started  with  the  sodium 
salt  of  4-methyllsobornylxanthic  acid  and  diphenylimide  chloride  and  secured, 
in  Chugaev* s  terminology,  l,2-diphenyl-5^ 4-methylisobornylimido  xanthide,  as 
follows ; 

yhs 


CgHs— CCl 
N 

cIhs 


CsHs-C-NCsHb 

icSOCiiHis 


(VI) 


l,2-Diphenyl-5,4-methylisobornylimido  xanthide  is  a  bright-red  crystalline 
substance  with  a  m.p.  of  112-115°.  Starting  with  the  sodium  salt  of  4-methyl- 
bornylxanthic  acid,  we  prepared  l,2-diphenyl-5^ 4-methylbornyllmido  xanthide  by 
a  similar  reaction^  it  also  was  a  bright-red  crystalline  substance,  with  a  m.p. 
of  116-117*. 

Our  efforts  to  synthesize  an  imido  xanthide  by  starting  out  with  the  sod¬ 
ium  salt  of  isobornylxanthic  acid  met  with  failure.  The  colored  solution  formed 
initially  was  nearly  completely  decolorized  when  the  solvent  (benzene)  was 
driven  off  with  steam,  which  is  in  full  conformity  with  Chugaev* s  assertions  ^] . 
As  he  justly  points  out,  this  is  due  to  the  extremely  low  stability  of  isobor- 
nylimidoxanthide.  But  this  same  circumstance  doubtless  indicates  that  dehydra¬ 
tion  of  isoborneol  by  the  xanthogenic  method  does  not  Involve  its  isomerization 
to  borneol.  If  this  sort  of  isomerization  did  take  place,  we  should  have  secured 
bornylimldo  xanthide  in  the  foregoing  experiment. 

Besides  the  imido  xanthides,  we  synthesized  two  xanthogenamides... ..Starting 
out  with  ethyl  isobornyl  xanthate,  we  synthesized  isobornylxanthogenamide,  with 
a  m.p.  of  I5O-I51* ;  according  to  Chugaev  [e]^  racemic  bornylxanthogenamlde  has 
a  m.p.  of  134.5-135 ‘5* «  From  ethyl  4-methyllsobornyl  xanthate  we  synthesized 
4-methylisobornylxanthogenamide  (VIl) ,  with  a  m.p.  of  121-122*;  according  to  L. 
Ya.Bryusova  4-methylbornylxanthogendmlde  has  a  m.p.  of  126-127*.  It  should 

be  noted  that  the  imido  xanthide  synthesized  from  4-methylisoborneol  and  the  xan- 
thogenamides  synthesized  from  4-methyllsoborneol  and  Isoborneol  have  melting 
points  that  lie  below  those  of  the  corresponding  compounds  synthesized  from 


4-niethylborrxeol  and  borneol„  Similarly,  the  ethyl  ester  cf  carbanilic  acid  and 
the  acid  phthalic  ester  of  4-methylisoborneol  have  lower  melting  points  than  the 
respective  derivatives  of  4-methylborneol  [s], 

EXPERIMENTAL 

(In  association  with  V.  L,  Kostomarovaya) 

1.2- Diphenyl-3»^-niethylisobornylimido  xanthide  (Vl) .  The  initial  compounds 
we  used  to  s^thesize  this  imido  xanthide  were  4-methylisoborneol,  prepared  from 
a-methylcamphene  [®],  and  diphenylimide  chloride,  prepared  by  the  Wallach  method 
[9]o  The  usual  reaction  was  employed  to  secure  the  sodium  salt  of  4-methyliso- 
bornylxanthic  acid  from  4-methylisoborneol<,  ^  g  of  diphenyl  imido  chloride  and 
7.8  g  (an  excess)  of  the  sodium  salt  of  4-methyllsobornylxanthlc  acid  dissolved 
in  100  ml  of  anhydrous  benzene  were  heated  together  over  a  water  bath  for  5  hours 
The  solution  turned  dark  red»  When  the  reaction  was  over,  the  benzene  was  driven 
off  with  steam,  and  the  residue  -  a  dark-red  mass  -  was  extracted  with  ether. 

The  ether  solution  was  washed  with  water,  and  then  about  half  its  volume  of  alco¬ 
hol  was  added.  When  the  solvent  was  evaporated  slowly,  the  red  crystals  of  the 
imldoxanthide  settled  out.  They  were  filtered  out  and  treated  2  or  5  more  times 
with  an  ether  alcohol  mixture}  this  yielded  pure  l,2-diphenyl-3,^-methyllsobornyl 
imido  xanthide  as  bright  red  crystals  with  a  m.p.  of  112-113*. 

0o4026  g  substance:  9»T^  ml  0.1  N  HCl,  Found  N  3-39* 

C25H29ONS2.  Computed  N  3,31. 

1 . 2- Diphenyl-3 , 4-methylbornyllmido  xanthide .  This  imido  xanthide  was  syn¬ 
thesized  by  reacting  6  g  of  diphenyllmldo  chloride  with  8  g  of  the  sodium  salt 
of  4-methylbornylxanthic  acid.  The  reaction  was  carried  out  as  described  above. 
Treatment  with  an  ether-alcohol  mixture  2  or  3  times  yielded  pure  1,2-dlphenyl- 
3,^-methylbornylimldo  xanthide  -  bright-red  crystals  with  a  m.p.  of  II6-II7* . 

0,3664  g  substance:  8.38  ml  0.1  N  HCl.  Found  N  3»20. 

C25H29ONS2.  Computed  N  3<>31o 

4-Methylisobornylxanthogenamlde  (VIl) .  This  xanthogenamide  was  synthesized 
from  the  methyl  ester  of  4-methylisobornylxanthic  acid  and  about  10^  alcoholic 
ammonia,  used  in  excess.  The  reaction  mixture  was  allowed  to  stand  for  7  days 
at  room  temperature,  and  then  it  was  poured  into  a  large  quantity  of  water.  The 
resultant  precipitate  -  colorless  minute  needles  -  was  recrystallized  from  a  mix¬ 
ture  of  two  parts  of  petroleum  ether  and  three  parts  of  benzene.  The  4-methyl- 
isobornylxanthogenamide  had  a  m.p,  of  121-122“  after  having  been  dried  in  a 
desiccator . 

0,2334  g  substances  10. 70  ml  0.1  N  HCl.  Found  N  6.42. 

C12H21ONS.  Computed  ^s  N  6.16. 

Isobornylxanthogenamide .  To  synthesize  this  xanthogenamide  we  prepared 
Isoborneol  with  a  m.p,  of  211-212“  from  camphene,  and  from  this  isoborneol,  via 
its  xanthate,  we  prepared  the  methyl  ester  of  isobornylxanthic  acid.  The  latter 
was  a  yellow  oil  that  did  not  solidify  after  having  been  chilled  for  a  long 
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time  [lo].  We  then  prepared  the  amide  in  the  usual  fashion  from  the  xanthate 
and  an  excess  of  about  10^  alcoholic  ammonia.  Isobornylxanthogenamide  was  re¬ 
covered  as  prismatic  crystals  from  a  hot  solution  in  a  2:3  mixture  of  petroleum 
ether  and  benzene;  its  m.p.  was  I3O-I3I*  after  drying  in  a  desiccator. 

0.2502  g  substances  12,15  ml  0.1  N  HCl.  Found  N  6.79* 

C11H19ONS.  Computed  N  6.57. 

Our  research  is  continuing. 


SUMMARY 

The  described  experimental  data  on  the  formation  of  imido  xanthides  and 
xanthogenamides  contradict  the  assertion  that  xanthogenic  dehydration  involves 
the  Isomerization  of  isoborneol  to  borneol  and  of  4-substituted  homologs  of  iso- 
borneol  to  the  corresponding  ^-substituted  homologs  of  borneol.  On  the  contrary, 
the  data  cited  support  the  nearly  universally  held  view  of  the  stereochemical 
nature  of  the  relationship  between  isoborneol  and  isoborneol  and  borneol  as 
secondary  alcohols  that  are  geometrical  isomers. 
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SYNTHESIS  OP  SUBSTANCES  POSSESSING  ANTITHYREOIDIN  ACTIVITY 


III.  S‘METHYL-6  DERIVATIVES  OP  THIOURACIL 

I.  R.  Simon  and  I..  I  Kovtunovskaya 


In  o\ir  previous  reports  [1,2]  we  have  shown  that  introducing  a  methyl  group 
at  the  6  position  into  2-thiouracil  increases  the  latter's  antithyreoidin  activ¬ 
ity  somewhat »  6-Methylthiouracil  causes  a  greater  decrease  in  the  colloidal  sub¬ 
stance  of  the  thyroid  gland  than  2-thiouracil  does,  for  example}  moreover,  it  is 
less  toxic,  not  affecting  the  number  of  red  or  white  corpuscles  over  a  long  per¬ 
iod  of  time.  It  was  also  shown  [2]  that  other  6-derivatlves  of  thiouracil,  such 
as  6-ethyl-,  6-n-propyl-,  6-benzyl-,  and  6-n-butylthiouracil,  possess  no  signif¬ 
icant  clinical  advantages  over  6-methylthiouraclJ.,  notwithstanding  the  fact  that 
some  American  authors  [3]  claim  they  are  from  5  to  10  tiirieG  a?  e'^’fective  as  2- 
thiouracil  (in  experiments  on  rats).  In  our  search  for  preparations  of  higher 
antithyreoidin  activity,  beginning  in  19^5 ^  we  have  shown  that  it  is  advisable 
to  combine  two  antithyreoidin  principles  of  different  types.  Thus,  by  combining 
sulfanilamide  in  the  position  with  thiourea  or  with  aminothiazole,  we  can  de¬ 
tach  each  of  the  constituents  within  the  organism  separately,  which  promotes  an 
increase  in  the  antithyreoidin  action  of  the  preparation  as  a  whole.  Such  com¬ 
pounds  as  N-parabenzenesulfonamidothiocarbamide,  2- (parabenzenesulfonamidoamlno) - 
thiazole,  and  2- (parabenzenesulf onamidoamino) -4-methylthiazole  proved  to  be  more 
active  in  tests  on  rats  [2,4]  than  thiourea,  2-thiouracil,  or  6-methylthiouracil- 

In  contradiction  to  the  American  investigations  [3]^  we  showed  [^]  that 
the  methyl,  ethyl,  and  methylene  derivatives  of  isothiourea  exhibit  much  greater 
activity  in  the  form  of  their  hydrlodides  than  thiourea  itself.  We  therefore 
thought  it  would  be  interesting  to  make  a  study  of  the  effect  of  p  methyl  group 
attached  to  the  sulfur  upon  increasing  the  antithyreoidin  activity  of  several 
6-derivatives  of  thiouracil  (6-methyl-,  6-ethyl-,  6-n-propyl-,  6-n-butyl-,  6- 
phenyl-,  and  6-benzylthiouracil) „ 

We  synthesized  the  S=methyl-6-derlvatives  of  thiouracil  in  two  ways: 

1)  by  condensing  S-methyllsothiourea  with  the  respective  esters  of  3-keto 
acids  as  follows: 
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CH3--S-C2  -CH,  where  R  =  CH3,  C2H5,  C3H7,  C4H9,  CsHs,  CH2C6K5, 
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S-6-Dlmethyl-,  S -methyl -6 -benzyl-,  S-methyl-6-phenyl-,  and  S-methyl-6-n- 
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butyl thiouracil  were  synthesized  by  condensing  molar  quantities  of  S-methyliso- 
thiourea  with  an  ester  of  the  3-keto  acid  in  the  presence  of  an  excess  (2  mols) 
of  potassium  hydroxide.  The  mixture  was  allowed  to  stand  for  48  hours,  after 
which  it  was  filtered  and  the  filtrate  acidulated  with  acetic  acid. 

S-Methyl-6-ethyl-  and  S-methyl-6-n-propylthiouracil  were  synthesized  by 
heating  S-methylisothiourea  hydriodide  for  an  hour  over  a  water  bath  with  an  es¬ 
ter  of  the  3-keto  acid  in  an  alcoholic  solution  of  sodium  ethylate. 

We  prepared  the  hydriodide  of  S-methylisothiourea  by  the  method  described 
by  us  previously  [i]. 


2)  By  methylating  the  6-derivatives  of  thiouracil  with  an  excess  of  methyl 


iodide; 
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The  6-Derivatives  of  thiouracil  were  prepared  by  condensing  thiourea  with 
the  respective  esters  of  the  3-keto  acids  as  follows: 
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where  R  =  CH3,  C2H5,  CsHy,  C4H9,  CeHs,  CH2C6H5. 


NH— CR 


Condensation  of  the  esters  of  the  3-keto  acids  with  thiourea  to  yield  the 
6-derivatives  of  2-thiouracil  was  effected  by  a. method  we  had  developed  earlier 
to  synthesize  6-methyl-2- thiouracil.  This  method  is  based  upon  heating  of  the 
ester  (l.l  mole  with  thiourea  (l  mole)  in  the  presence  of  an  alcoholic  soluticyi 
of  potassium  hydroxide  (0.8  molej  for  half  an  hour  over  a  water  bath.  Then  the 
alcohol  is  driven  off,  the  dry  residue  is  dissolved  in  water,  and  the  solution 
is  acidulated  with  10^  hydrochloric  or  acetic  acid.  The  regenerated  alcohol  is 
reused. 

The  6-derivatives  of  thiouracil  were  methylated  by  reacting  a  molar  quan¬ 
tity  of  the  6-derivatives  of  thiouracil  for  20-30  hours  with  an  excess  of  methyl 
iodide  in  the  presence  of  an  aqueous  solution  of  potassium  hydroxide  (2  mols). 
Acldulation  with  acetic  acid  yielded  the  respective  methyl  derivative. 

EXPERIMENTAL 

A.  Synthesis  of  the  Intermediate  Products 

Ethylphenylacetylacetate  was  synthlsized  by  a  modified  Sonn  and  Litten 
method  [5]. 2,4  g  of  metallic  sodium  was  added  to  l4  g  of  acetoacetic  ester  dis¬ 
solved  in  l40  ml  of  absolute  ether.  After  having  been  stirred  for  3  hours,  the 
reaction  mixture  was  set  aside  until  the  next  day,  when  it  was  heated  for  4  hours 
over  a  water  bath,  with  constant  stirring,  until  all  the  metallic  sodium  had  dis¬ 
solved.  8.5  g  of  the  acid  chloride  of  phenylacetlc  acid  and  30  ml  of  absolute 
ether  were  then  added  drop  by  drop  to  the  reaction  mass,  which  was  stirred  and 
chilled  with  ice  water.  The  resultant  yellow  precipitate,  which  was  a  mixture  of 


838 


the  sodium  derivative  of  ethylphenylacetylacetoacetate  and  sodium  chloride,  was 
filtered  out,  washed  with  ether,  and  dissolved  in  water  that  had  been  acidula^ted 
with  acetic  acid.  The  oil  that  separated  out  was  extracted  with  ether.  The  ether 
extract  of  the  product  was  washed  with  water  and  then  agitated  for  an  hour  with 
200  ml  of  1^  aqueous  ammonia  to  split  out  the  acetyl  group.  The  aqueous  ammonia- 
cal  solution  was  treated  several  times  with  ether.  The  ether  extracts  were  washed 
with  sodium  bicarbonate  and  with  water  and  then  desiccated  with  sodium  sulfate. 

The  ether  was  driven  off,  and  the  residue  -  a  thick  oil  -  was  twice  distilled  in 
vacuum.  Ethylphenylacetylacetate  was  a  transparent  liquid  with  a  b.p.  of  1.5’>-155'’ 
at  9  Dun*  The  yield  was  5-5  S  (51^  of  the  theoretical). 

Ethyl  cyanacetate  was  prepared  by  the  method  described  in  Syntheses  of  Or¬ 
ganic  Preparations  [Yol.  I,  p,  262  (l932)],  as  modified  by  us.  The  cyanacetic 
acid  was  esterlfied  with  9^^  ethyl  alcohol  instead  of  the  absolute  alcohol  called 
for  in  the  published  recipe;  this  has  no  effect  upon  the  yield  of  the  ethyl  cyan- 
acetate. 

gthyl  butyrylacetate ,  with  b.p.  of  9^-96*  at  15  mm  (40^  yield)  and  ethyl 
valerylacetate ,  with  a  b.p.  of  128-130°  at  20  mm  (42^  yield)  were  prepared  by' 
the  method  described  by  Anderson  and  his  coworkers  [e]  for  the  synthesis  of  etliyl 
proplonylacetate . 

6-Ethylthiouracil.  1.6  g  of  thiourea  and  3.2  g  of  ethyl  proplonylacetate 
were  added  to  2  g  of  potassium  hydroxide  dissolved  in  2  ml  of  water  and  5  nil  of 
alcohol.  The  mixture  was  heated  for  half  an  hour  over  a  water  bath  in  a  flask 
fitted  with  a  reflux  condenser.  Then  the  alcohol  wes  drivexi  off,  and  the  resi¬ 
due  dissolved  in  water  and  acidified  with  an  acetic  acid  solution  until  precip¬ 
itation  was  complete.  The  precipitate  was  recrystallized  from  alcohol.  Yield: 

1.7  g  (50^);  m.p.  227". 

6-Propylthiouracll.  1,7  g  of  ethyl  butyrylacetate  and  0.8  g  of  thiourea 
were  added  to  1  g  of  potassium  hydroxide  in  1  ml  of  water  and  10  ml  of  ethyl  al¬ 
cohol.  The  product  was  Isolated  as  set  forth  above.  The  precipitate  was  recrys¬ 
tallized  from  hot  water.  Yield:  0.9  g  (50^).  M.p,  217“. 

6-Butylthiouracil.  4,0  g  of  ethyl  valerylacetate  and  1,8  g  of  thiourea 
were  added  to  a  sblution  of  sodium  ethylate,  prepared  with  0.6  g  of  metallic 
sodium  and  10  ml  of  rectified  alcohol.  The  product  was  isolated  as  described 
above  for  the  preparation  of  6-ethylthiouracil.  The  precipitate  was  recrystal¬ 
lized  from  aqueous  alcohol.  Yield:  1  g  (53')^).  M.p,  206*. 

6-Phenylthiouracil.  3.8  g  of  ethylbenzoylacetate  and  1,5  g  of  thiourea 
were  added  to  a  solution  of  sodium  ethylate,  prepared  with  0.5  g  of  metallic 
sodium  and  25  ml  of  ethyl  alcohol.  The  product  was  isolated  as  described  above. 

The  precipitate  was  recrystallized  from  aqueous  alcohol.  Yield:  0.9  g  (30^  of 
the  theoretical).  M.p.  263°. 

6-Benzylthlouracil .  0.8  g  of  ethyl  phenylacetylacetate  and  0.29  g  of 

thiourea  were  added  to  a  solution  of  sodium  ethylate,  prepared  with  O.09  g  of 
metallic  sodium  and  10  ml  of  ethyl  alcohol.  The  product  was  Isolated  as  described 
above.  The  precipitate  was  recrystallized  from  ethyl  alcohol.  Yield:  0.3  g 
(39^  of  the  theoretical).  M.p.  221°. 

3.70  nig  substance:  0.43  ml  N2  (22°,  754  mm);  4.822  mg  substance:  0.555 

ml  N2  (22°,  754  mm).  Found  N  13. 07,  12,95;  C11H10ON2S.  Computed 

N  12.84, 

B,  Synthesis  of  the  S-Methyl-6  Derivatives  of  Thiouracil 

S-6-Dimethylthiouracil,  l)  8.7  g  of  S-methylisothlourea  hydriodide  and  5-2 
g  of  freshly  distilled  acetoacetlc  ester  were  added  bo  2.2  g  of  potassium  hydroxide 
dissolved  in  I.5  ml  of  water.  The  mixture  was  allowed  to  stand  for  6  hours,  then 

was  filtered,  acidified  with  acetic  acid  until  precipitation  was  complete.  The  pr.- 
cipitate  was  filtered  out  and  recrystallized  from  hot  water.  Yie.a  2  g  (32^).  M.P. 


839 


224-225°.  Wheeler  gives  the  m.p.  as  219°  [t"]. 

2)  2.8  g  of  6-methylthiouracll  was  added  to  2.2  g  of  potasslun  hydroxide 
dissolved  in  1.5  ml  of  water,  and  after  dissolution  was  complete,  8.4  g  of  methyl 
iodide  was  added.  The  mixture  was  allowed  to  stand  overnight.  The  next  day  the 
solution  was  acidulated  with  acetic  acid  until  precipitation  was  complete.  The 
precipitate  was  recrystallized  from  hot  water.  Yield;  2  g  (66^).  M.p.  224-225°. 

A  mixture  of  the  substances  prepared  by  Methods  1  and  2  fused  at  224° . 

S-Methyl-6-ethylthiouracil.  l)  6.5  g  of  S-methylisothiourea  was  added  to 

l. 7  g  of  potassium  hydroxide  dissolved  in  3  ml  of  water,  and  after  dissolution 
was  complete,  4.3  g  of  ethyl  propionylacetate  was  added.  The  reaction  product 
was  isolated  by  the  Method ^1  used  for  the  synthesis  of  S-6-dimethylthiouracilo 
The  yield  of  the  product  was  1.4  g  (28^)  after  recrystallization  from  alcohol; 

m. p.  155°'. 

5.411  mg  substance:  0.7968  ml  N2  (24°,  75^  mm).  4.808  mg  substance: 

0.7262  ml  N2  (24°,  750  mm).  Found  N  I6.72,  16.69; 

C7H10ON2S.  Computed  N  I6.47. 

2)  0.5  g  of  6-ethylthiouracil  and  0,9  g  of  methyl  iodide  were  added  to  0.4 
g  of  potassium  hydroxide  dissolved  in  1  ml  of  water.  The  rest  of  the  synthesis 
was  the  same  as  that  used  in  Method  2  for  the  synthesis  of  S-6-dimethylthlouracil. 
The  precipitate  was  recrystallized  from  hot  water.  Yield:  0.3  g  (60^) .  M.p. 

153°.  A  mixture  of  the  substances  prepared  by  Methods  1  and  2  fused  at  153°- 

oaujo^nuL-:  0.555  ml  N2  (22°,  757  mm).  3-6O5  mg  substance: 

0.53  ml  N2  (24°,  757  mm).  Found  <joi  N  l6.43,  I6.5O. 

C7H10ON2S.  Computed  N  16.47. 

S-Methyl-6-propylthiouracil .  l)  2.7  g  of  S-methylisothioui-ea  hydr iodide 
and  2  g  of  ethyl  butyrylacetate  were  added  to  0.7  g  of  potassium  hydroxide  dis¬ 
solved  in  3  ml  of  water.  The  product  was  isolated  as  specified  above.  The  pre¬ 
cipitate  was  recrystallized  from  water.  Yield:  O.5  g  (21^).  M.p.  154°. 

2)  0.2  g  of  propylthiouracil  and  0.3  g  of  methyl  iodide  were  added  to 
0.1  g  of  potassium  hydroxide  dissolved  in  0.5  ml  of  water.  The  product  was 
isolated  as  specified  in  the  experiment  on  the  synthesis  of  S-6-dlmethylthio- 
uracil.  The  precipitate  was  recrystallized  from  dilute  alcohol.  Yield:  O.O8 
g  (38^  of  the  theoretical).  M.p.  154-155°-  A  mixture  of  the  substances  pre¬ 
pared  by  Methods  1  and  2  fused  at  155°- 

5.012  mg  substance:  O.675  ml  N2  (24°,  750  mm).  5-005  mg  substance. 

0.680  ml  N2  (22°,  750  mm).  Found  N  l4.99,  15.20. 

C8H12ON2S.  Computed  N  I5.21. 

S-Methyl-6-butylthiouracilo  l)  2.1  g  of  S-methylisothiourea  and  1.7  g  of 
ethyl  valerylacetate  were  added'  to  0,6  g  of  potassium  hydroxide  dissolved  in  1 
ml  of  water.  The  product  was  isolated  as  specified  in  the  experiment  on  the 
synthesis  of  S-6-dimethylthioiiracil  (Method  l) .  The  precipitate  was  recrystal¬ 
lized  from  aqueous  alcohol.  Yield:  0.4  g  (21^).  M.p.  127°. 

3.8i4  mg  substance:  0.488  ml  N2  (24°,  745  mm).  3-60  mg  substance:  0.460 

ml  N2  (24°,  755  mm).  Found  N  14.13,  13.74. 

CgHi40N2S.  Computed  N  l4.l4. 

2)  0.18  g  of  butylthlouracil  and  0.06  g  of  methyl  iodide  were  added  to  O.Ol 
g  of  sodium  hydroxide  in  0.6  ml  of  alcohol.  The  reaction  mixture  was  heated  to 
60°  for  20  minutes.  Then  it  was  cooled  and  acidulated  with  acetic  acid.  Nothing 
was  precipitated  thereby.  The  solution  was  evaporated  until  nearly  dry,  and  the 
residue  was  twice  recrystallized  from  hot  water.  Yield  0.4  g  (21^).  M.p.  127*. 

A  mixture  of  the  substances  prepared  by  Methods  1  and  2  fused  at  126-127° . 

S-Methyl-6-phenylthiouracll.  l)  4.3  g  of  S-methylisothlourea  and  3.8  g;of 


ethyl  benzoylacetate  were  added  to  Id  g  of  potassium  hydroxide  dissolved  in  2 
ml  of  water »  >  The  product  was  Isolated  as  Indicated  in  the  experiment  on  the 
synthesis  of  S-6-dimethylthiouracil  (Method  l) ,  The  precipitate  was  twice  re¬ 
crystallized  from  alcohol.  Yield:  1,2  g  (29^  of  the  theoretical),  M.p.  241®. 

3.806  mg  substance:  0.455  nil  N2  (22“,  745  mm),  3.8lO  mg  substance: 

.0'.4'46  ml  N2  (24%  74?  mm).  Found  N  13.29,  12,96, 

C11H10ON2S.  Computed  N  12,84, 

2)  0.5  g  of  methyl  iodide  and  0.4  g  of  phenyl thiourea  were  added  to  0.2  g 
of  potassium  hydroxide  dissolved  in  2  ml  of  water.  The  product  was  isolated  as 
indicated  in  the  experiment  on  the  synthesis  of  S-6-dimethylthiouracil  (Method 
2).  The  precipitate  was  twice  recrystallized  from  alcohol.  Yield:  0.26  g  (62^ 
of  the  theoretical).  M.p,  240°.  A  mixture  of  the  substances  synthesized  by 
Methods  1  and  2  fused  at  240° . 

3.4i6  mg  substance;  0.403  ml  N2  (22°,  755  mm),  3.410  mg  substance: 

0.108  ml  N2  (22°,  755  mm).  Found  N  13.29,  12.48, 

C11H10ON2S.  Computed  N  12,84, 

S-Methyl-6-benzylthlouracil.  l)  2,l.g  of  S-methylisothiourea  hydriodide 
and  2  g  of  ethyl  phenylacetylacetate  were  added  to  0,6  g  of  potassium  hydroxide 
in  1  ml  of  water.  The  product  was  Isolated  as  indicated  in  the  experiment  on 
the  synthesis  of  S-6-dlmethylthlouracil  (Method  l) ,  The  precipitate  was  re- 
crystallized  from  aqueous  alcohol.  Yield:  0.8  g  (32^  of  the  theoretical). 

M.p.  180°. 

3.6o4  mg  substance;  0,40  ml  N2  (22°,  746  mm),  4,82  mg  substance: 

0,545  ml  N2  (22°,  746  mm).  Found  N  12.35^  12,58, 

C12H12ON2S,  Computed  N  12,07. 

2)  0,3  g  of  methyl  iodide,  and  0,4  g  of  benzylthlouracil  were  added  to  0.2 
g  of  potassium  hydroxide  dissolved  in  1  ml  of  water.  The  mixture  was  allowed 
to  stand  for  60  hours.  The  product  was  Isolated  as  indicated  in  the  experiment 
on  the  synthesis  of  S-6-dlmethylthiouracll,  The  precipitate  was  recrystallized 
from  dilute  alcohol:  Yield;  1,1  g  (26'^  of  the  theoretical).  M.p,  178°,  A  mix¬ 
ture  of  the  preparations  synthesized  by  Methods  1  and  2  had  the  m.p,  of  I80* . 

SUMMARY 

A  number  of  the  S-raethyl-6  derivatives  of  thlouracll  has  been  synthesized 
in  two  ways:  a)  by  condensing  the  respective  esters  of  0-keto  acids  with  Isothic 
urea;  and  b)  by  methylating  the  6-derivatives  of  thiouracil  with  an  excess  of 
methyl  iodide. 

We  have  thus  synthesized  S-6-‘dimethylthiouracil,  S-methyl-6-phenylthlourac 
il,  S -methyl-6 -ethylthiourac 11,  S-methyl-6-n-propylthiouracil,  S-methyl-6-n- 
butylthlouracll,  and  S-methyl-6-benzylthiouracllo  The  latter  four  compounds  hav 
not  been  described  in  the  literature. 
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THE  ACTION  OP  CHLOROSULPONIC  ACID  UPON  2-CYANACETYLCOUMARONE 


I.  A.  Solovyeva  and  P.  I.  Arbuzov* 


It  is  common  knowledge  that  coumarone  and  many  of  its  derivatives  are 
readily  polymerized  by  concentrated  sulfuric  acid,  the  composition  of  the  poly¬ 
mers  depending  upon  the  concentration  of’  the  acid  and  the  quantity  used.  When 
these  polymers  are  heated  with  concentrated  sulfuric  acid,  sulfonated  products 
are  apparently  formed,  though  it  has  not  been  possible  to  isolate  them  as  free 
sulfo  acids  or  as  salts,  owing  to  the  fact  that  they  do  not  crystallize,  [i]. 

When  coumarone  is  reacted  with  chlorosulfonic  acid  in  neutral  solvents 
(such  as  ether),  the  acid  adds  a  furan  ring  at  its  double  bond.  Treatment  with 
water  causes  the  chlorine  to  be  replaced  by  a  hydroxyl  group,  and  the  resulting 
sulfo  acid  of  dihydroxycoumaran,  C8H60(0H)S03H,  is  salted  out  as  its  sodium  salt 
by  means  of  sodium  chloride  [2]. 

^en  chlorosulfonic  acid  is  reacted  with  several  coumarones  that  have  sub¬ 
stituents  in  the  furan  ring,  the  sulfo  group  enters  the  benzene  ring  of  the  cou¬ 
marone.  Reacting  2-cyanacetylcoumarone  with  an  excess  of  chlorosulfonic  acid  at 
a  temperature  below  +10®,  for  example,  yields  the  acid  chloride  of  2-cyanacetyl¬ 
coumarone  -5  -sulfo  acid  (m.p.  130-132°),  according  to  patent  specifications  [sj. 
Neither  in  the  patent  nor  in  the  scientific  literature  is  there  any  reference 
supporting  the  entrance  of  the  sulfochloride  group  at  the  5  position  of  the 
coumarone  structure. 

2-Cyanacetylcoumarone  [4]^  2-cyanacetyl-5-benzoylaminocoumarone  [s]^  and 
a  few  substituted  amides  of  2-cyanacetylcoumarone -5 -sulfo  acid  [3^®],  prepared 
by  reacting  the  acid  chloride  of  the  latter  with  various  amines,  are  recommendea 
in  the  patent  literature  as  components  of  purple  dyes  in  multilayer  color  emul¬ 
sions  for  photography,'  [v]. 

Inasmuch  as  the  literature  contains  no  references  to  the  synthesis  of  2- 
cyanacetylcoumarone-5- sulfo  acid  or  to  its  structure,  other  than  the  patent 
specifications  cited  above,  we  were  interested  in  making  a  detailed  study  of  this 
compound,  concentrating  on  the  position  at  which  the  sulfochloride  group  enters. 

2-Cyanacetylcoumarone  was  sulfonated  with  five  times  its  weight  of  chloro¬ 
sulfonic  acid  at  40“ .  This  provided  a  yield  of  the  sulfochloride  as  high  as 
of  the  theoretical.  The  yield  was  considerably  lower  when  less  chlorosulfonic 
acid  was  used  or  the  reaction  was  carried  out  at  a  lower  temperature,  as  speci¬ 
fied  in  the  above-cited  patent. 

We  used  the  method  of  oxidation  with  potassium  permanganate  in  an  alkaline 
medium  to  determine  the  position  where  the  sulfochloride  group  entered  the  coumar¬ 
one  . 

There  is  not  much  information  in  the  literature  on  the  action  of  oxidants 
upon  coumarone  and  its  derivatives.  It  is  asserted  that  coumarone  itself  is 
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either  totally  unaffected  or  is  totally  decomposed  when  acted  upon  by  such  oxid¬ 
izing  agents  as  chromic  acid  and  potassium  permanganate  [s].  On  the  other  hand, 
the  oxidation  of  2-cyanacetylcoumarone  with  potassium  permanganate  yielded  cou- 
marilic  acid,  coumaroylformic  acid  being  produced  under  milder  conditions  (chill¬ 
ing  with  ice). 

Our  oxidizing  of  the  sulfochloride  of  2-cyanacetylcoumarone  (l)  with  potas¬ 
sium  permanganate ‘at  5-5°  iii  an  alkaline  medium  yielded  5-sulfosalicylic  acid 
(ll),  the  structure  of  which  was  established  by  converting  it  into  a  diphenyl 
ether  (ill)  by  heating  it  with  phenol  and  phosphorus  oxychloride.  The  resultant 
compound  (ill)  proved  to  be  the  diphenyl  ether  of  5-sulfosalicylic  acid  [lo]. 


It  may  therefore  be  regarded  as  definitely  established  that  the  sulfo¬ 
chloride  group  enters  at  position  5  in  the  coumarone  ring  system  when  2-cyan- 
ace  tyl^umar  one  is  reacted  with  chlorosulfonic  acid. 

We  synthesized  the  respective  anilide  and  p-toluide  of  the  acid  chloride 
of  2-cyanacetylcoumarone-5-sulfo  acid  we  had  prepared. 

EXPERIMENTAL 

Acid  chloride  of  2-cyanacetylcoumarone-5-sulfo  acid.  I8.5  g  of  2-cyan- 
acetylcoumarone,  with  a  m.p.  of  l44-l45“ (the  literature  [n]  gives  the  m.p.  as 
148,5°)  vas  mixed  with  93*2  g  of  chlorosulfonic  acid  at  40®  for  5  hours,  after 
which  the  reaction  mass  was  poured  over  3OO  g  of  ice.  The  resultant  precipitate 
was  filtered  out,  washed  with  water  until  its  reaction  with  Congo  red  was  neu¬ 
tral,  and  dried  at  60® .  The  yield  was  78^  of  the  theoretical. 

Recrystallization  from  benzene  yielded  the  sulfochloride  as  light-yellow 
prisms.  M.p.  154-155°  (the  patent  gives  this  as  130-152*  [3]).  Freely  soluble 
in  alcohol,  acetone,  and  hot  benzene j  insoluble  in  ether  and  gasoline.  Found 
N  4.94,  4.780  C11H6O4NSCI.  Computed  N  4.95. 

Oxidation  of  the  acid  chloride  and  preparation  of  the  diphenyl  ether  of 
5-sulfosalicylic  acid.  2.84  g  of  2-cyanacetylcoumarone  sulfochloride  was  dis- 
solved  in  60  ml  of  2  N  sodium  hydroxide  and  about  200  ml  of  a  4^  solution  of 
potassium  pernianganate  was  added  to  the  solution,  with  constant  stirring,  dur¬ 
ing  the  course  of  5  hours  at  5-5° •  The  filtered  solution  was  evaporated  to  a 
volume  of  I50  ml.  The  precipitate  (a  mixture  of  potassium  and  sodium  chlorides) 
was  filtered  out,  and  the  filtrate  was  again  evaporated  (to  a  voliome  of  60  ml) 
until  elongated  needles  precipitated  out  (weightafter  drying;  4  gj .  According 
to  a  qualitative  reaction- with  ferric  chloride  (crimson  coloring),  this  substance 
is  a  salt  of  5-sulfosalicylic  acid.  The  literature  describes  a  diphenyl  ether 
of  the  latter,  prepared  by'  heating  a  salt  of  sulfosalicylic  acid  with  phenol  and 
phosphorus  oxychloride  [10].  We  carried  out  an  analogous  reaction  with  our 
substance  for  identification  purposes.  A  mixture  of  the  precipitate  recovered 
(4  g)  with  3.78  g  of  phenol  and  0.6  g  of  phosphorus  oxychloride  was  heated  to 
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110-120°  for  an  hour  and  a  half,  with  constant  stirring.  The  solidified  mass  was 
treated  with  water.  The  precipitate  was  filtered  out,  washed  on  the  filter  with 
cold  and  hot  water,  mixed  with  30  ml  of  water,  and  neutralized  with  soda.  Then 
the  precipitate  was  again  filtered  out  and  dried.  Its  m.p.  was  172-173°  after 
recrystallization  from  alcohol.  The  melting  point  of  this  substance  is  the  same 
as  that  of  the  diphenyl  ether  of  5-sulfosalicylic  acid.  A  test  sample,  mixed 
with  the  latter,  exhibited  no  depression  of  the  melting  point. 

Anilide  of  2-cyanacetylcoumarone-3-sulfo  acid.  A  mixture  of  2.84  g  of  the 
acid  chloride  of  2-cyanacetylcoumarone-5-sulfo  acid,  0.93  g  of  aniline,  and  25 
ml  of  dime thylanl line  was  stirred  for  3  hours  at  room  temperature.  The  reaction 
mass  was  then  poured  into  70  ml  of  l8^  hydrochloric  acid,  the  resultant  precip¬ 
itate  being  filtered  out  and  washed  with  water.  Weight:  2.3  g  (67 *6^  of  the 
theoretical).  M.p.  80-90“.  The  substance  was  piirified  by  recrystallizing  it 
twice  from  water.  Light-yellow  crystals,  soluble  in  ethyl  alcohol,  hot  water, 
and  caustic  alkali;  Insoluble  in  ether  or  benzene.  M.p.  83-84*.  Found 
N  8.30.  CiyHi204N2^..  Computed  N  8.21. 

p-Tolulde  of  2-cyanacetylcoumarone-5-sulfo  acid.  A  solution  of  2.l4  g  of 
p-toluidine  in  I5  ml  of  benzene  was  added  to  a  solution  of  2.84  g  of  the  acid 
chloride  of  2-cyanacetylcoumarone-5-sulfo  acid,  and  the  mixture  was  heated  over 
a  60-70°  water  bath  for  one  hour  and  over  a  boiling  bath  for  I5  minutes.  The 
reaction  mass  was  then  cooled,  the  benzene  was  poured  off,  and  the  resultant 
oil  cyrstalllzed  when  stirred  with  ether.  The  product  was  filtered  out  and 
washed  with  water.  Weight;  1.6  g.  An  additional  O.9  g  of  the  substance  was 
recovered  from  the  benzene  solution  by  washing  the  solution  with  caustic  soda 
and  then  acidulating  it.  Total  yield:  2,5  g  (70.4^  of  the  theoretical).  The 
substance  was  purified  by  recrystallizing  it  twice  from  80^  acetic  acid.  Light 
yellow  prisms.  Freely  soluble  in  alcohol,  caustic  alkali,  and  hot  acetic  acid, 
less  so  in  benzene;  soluble  in  ether.  M.p.  126-127*.  Found  N  ^.66. 
C18H14O4N2S.  Computed  N  7-89. 

SUMMARY 

1.  It  has  been  found  that  reacting  2-cyanacetylcoumarone  with  chlorosulf- 
onic  acid  causes  the  sulfochloride  group  to  enter  the  coumarone  ring  structure 
at  the  5 -position. 

2.  The  optimum  conditions  have  been  found  for  sulfonating  2-cyanacetyl¬ 
coumarone  by  chlorosulfonlc  acid  (using  an  excess  of  five  times  the  weight  of 
chlorosulfonic  acid  at  40*).  Under  these  conditions  the  yield  of  the  acid  chlor¬ 
ide  of  2-cyanacetylcoumarone-5-chlorosulfo  acid  is  as  high  as  78^  of  the  theor¬ 
etical. 

3.  The  anilide  and  toluide  of  2-cyanacetylcoumarone-5-sulfo  acid  have  been 
synthesized. 
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MEROCYANIN  DYES  THAT  ARE  DERIVATIVES  OP  RHODANINE 


I.  THE  PROPERTIES  OP  THE  METHYL-METHYL  SULPATE  OP 
2-METHYLMERCAPTO  5~(3’  “ETHYL -nENZOTHIAZOLINYLIDENE-2'  -ErHYLIDENE)-THIAZOLINONE-4 

Z„  Po  Sytnik,  I.  I.  Levkoyev  and  M  V.  Deichmeister 


When  alkylating  agents  act  upon  merocyanins  (l)  that  contain  a  thiocarhon- 
yl  group  linked  to  a  nitrogen  atom,  quaternary  salts  of  structure  (ll)  are 
easily  formed: 


where  R  is  an  alkylj  V  is  0,  S,  Se,  CH=CH,  0(013)2;  Y  is  0,  S,  Se,  NH;  and 
X  is  an  acid  group. 

These  compounds  have  been  described  only  in  the  patent  literature,  as 
intermediates  in  the  synthesis  of  the  rhodacyanlns  {1],  during  which  they  can¬ 
not  be  isolated  in  the  piire  state.  According  to  the  specifications  of  one  of 
these  patents  [^],  the  quaternary  salts  of  merocyanin  derivatives  (ll,  Y  =  S) 
are  freely  soluble  in  water,  in  contrast  to  the  merocyanins,  and  are  more 
light-sensitive . 

In  synthesizing  rhodacyanln  dyes  we  noticed  that  the  quaternary  salts  of 
the  merocyanin  derivatives  of  rhodanlne  decompose  readily.  This  led  us  into  a 
more  detailed  investigation  of  the  properties  of  these  compounds.  In  the  pres¬ 
ent  paper  we  have  made  a  study  of  the  synthesis  and  the  properties  of  the  methy].- 
methyl  sulfate  of  2-methylmercapto-5- (3* -ethylbenzothlazolinylldene-2' -ethylid- 
ene) -thiazolinone-4  (v) .  According  to  the  patent  specifications  [3],  this  salt 
can  be  synthesized  by  heating  the  respective  merocyanin  (III)  with  dimethyl  sulf¬ 
ate.  This  compound  should  also  result  from  the  action  of  dimethyl  sulfate  upon 
the  merocyanin  (IV).  We  have  shown  that  satisfactory  yields  of  the  same  quater¬ 
nary  salt  (V)  can  be  secured  by  heating  either  of  these  merocyanins  (ill  or  IV) 
with  dimethyl  sulfate. 

The  merocyanin  (IV)  was  synthesized  by  methylating  5- (3 ' -ethylbenzothia- 
zolinylidene-2’ -ethylidene) -thlazolidlnethion-2-one  (Vl)  with  the  methyl  ester  of 
p-toluenesulfo  acid  and  potassium  hydroxide  in  alcohol  [4].  We  found  that  in 
addition  to  the  2-methylmercapto-5- (3* -ethylbenzothiazolinylidene-2' -ethylidene) - 
thlazollnone-4  (IV),  an  Isomeric  dye  (ill)  was  formed  as  a  product  of  the  methyl- 
atlon  of  the  merocyanin  (Vl)  at  the  nitrogen  atom.  But  when  the  merocyanin  (Vl) 
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was  methylated  with  dimethyl  sulfate  in  absolute  alcohol  containing  sodium  ethyl¬ 
ate,  no  N-methyl  derivative  (ill)  was  found,  the  2-methylmercapto-5-(3'-ethylbenzo~ 
thiazolinylldene-2' -ethylidene) -thiazollnone-4  (IV)  being  secured  in  the  pure 
state.  Thus,  the  methylation  of  5-(3' -ethylbenzothlazollnylidene-2' -ethylidene)- 
thiazolidinethion-2-one-4  (Vl)  may  occur  at  the  sulfur  atom  or  at  the  nitrogen 
atom,  depending  upon  the  reaction  conditions  and  corresponding  to  two  tautc«neric 
forms  of  the  original  merocyanin.  The  Instability  of  the  synthesized  quaternary 
salt  was  manifest  even  during  its  refining.  When  this  compound  was  recrystallized 
from  ethyl  alcohol,  copious  quantities  of  methanethlol  were  evolved,  and  orange 
crystals,  whose  properties  differed  sharply  from  those  of  the  original  merocyanin. 
settled  out  of  the  filtrate  together  with  the  quaternary  salt.  The  quaternary 
salt  is  highly  soluble  in  water,  a  precipitate  slowly  settling  out  of  the  bluish- 
red  solution.  This  hydrolysis  is  greatly  accelerated  by  heating,  the  solution 
being  nearly  completely  decolorized  after  heating  for  2  hours.  The  precipitated 
orange  dye  is  freely  soluble  in  benzene  and  ether,  in  which  the  quaternary  salt 
does  not  dissolve.  It  possesses  the  typical  properties  of  the  merocyanins,  its 
absorption  maximum  in  alcoholic  solution  being  sharply  shifted  tovrard  the  short¬ 
wave  end  of  the  spectrum,  as  compared  to  the  quaternary  salt  and  the  merocyanins 
(ill)  and  (IV).  These  properties,  as  well  as  the  chemical  analysis  of  the  syn¬ 
thesized  compound,  indicate  that  the  quaternary  salt  (v)  hydrolyzes  readily  evolv. 
ing  methanethlol  and  giving  rise  to  a  merocyanin  with  a  3-methylthiazolidine- 
dione-2,4  group,  (VIl) : 


Salt  (V)  +M50 


This  process  is  analogous  to  the  hydrolysis  of  the  quaternary  salts  of  a 
2-alkylmercaptobenzothlazole  [5,6] 5  hydrolysis  of  the  type  (V)  salts  takes  place 
with  extraordinary  ease,  however. 

We  have  measured  the  absorption  curves  of  alcoholic  solutionsof  the  mero¬ 
cyanins  (ill),  (IV),  (Vl) ,  and  (VII)  and  of  the  quaternary  salt  (V).  The  measure¬ 
ments  were  made  with  a  Koenig-Martens  spectrophotometer.  The  absorption  maxima 
of  these  dyes  are  listed  in  the  subjoined  table. 

As  we  see  from  this  table,  the  position  of  the  absorption  maximum  remains 
practically  unchanged  as  we  pass  from  the  merocyanin  of  the  unsubstituted  rhodan- 
Ine  (Vl)  to  the  N-methyl  derivative  (ill).  2-Methylmercapto-5-(3'-ethylbenzo- 
thlazolinylidene-2* -ethylldene) -thiazo] inone-4  (iV),  which  differs  from  the  mero¬ 
cyanin  (ill)  by  having  a  different  tautomeric  form  of  the  rhodanine  group,  exhibit.? 
a  perceptible  bathochromic  effect.  The  formation  of  the  quaternary  salt  (v) 
produces  a  much  deeper  color  than  that  of  the  original  merocyanins.  When  the 
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Dyestuff 


Absorption 
maximum,  m|j, 


5- (3 ’ -Ethylbenzothiazolinylidene-2 ‘ -ethylidene) -thiazolidine- 

thion-2-one-'4  (Vl)  .o  o oo.  . . . . . . . . 

3-Methyl-5-  (3*  -  ethylbenzothiazolinylidene-2' -.ethylidene) -thiazol- 
idinethion-2-one-4  (ill)  =  o o . . . . 

2- Methylmercapto-5- (3' -ethylbenzothiazolinylidene-2' -ethyl¬ 

idene)  -thiazolinone-^  (IV)  o  .  o  ,,,  0  o  o  a  o  .  o  o  ,  o  ............ . 

Methyl-methyl  sulfate  of  2-methylmercapto-5- (3 ' -ethylbenzo- 

thiazollnylldene-2' -ethylidene) -thlazolinone-4  (V)  ....o... 

3- Methyl-5- (3* -ethylbenzothiazolinylidine-2' -ethylidene) -thiazol- 

idinedione-2,4  (VIl)  oo.  =  .o.,  o,o  o o.o.  .o,. . 


520 

522 

526 

536 

464 


sulfur  atom  in  the  2  position  of  the  thiazolidine  group  is  replaced  by  an  oxygen 
atom  (VIl),  a  marked  hypsochromic  effect  is  observed  (58  mp,) .  A  raerocyanin  with 
an  unsubstituted  rhodanine  group  (Vl)  and  its  N-methyl  derivative  (ill)  sensitize 
silver  bromide  to  the  yellow  and  green  portions  of  the  spectrum  rather  weakly. 
2-Methylmercapto-5- (3' -ethylbenzothiazolinylidene-2 ' -ethylidene) -thiazolinone-4 
(iV)  is  somewhat  more  effective.  On  the  other  hand,  the  sensitizing  effect  of 
a  merocyanin  with  a  thiazolidinedione  group  is  much  less  than  that  of  the  dyes 
(Vl)  and  (Eli) .  The  quaternary  salt  (V)  is  a  weak  sensitizer,  lowering  the  aggre¬ 
gate  sensitivity  of  the  silver  bromide  emulsion  perceptibly. 

EXPERIMENTAL 

5-(Acetanllinomethylene)  -rhodanine.  A  solution  of  1.33  g  of  rhodanine  and 
1.96  g  of  diphenylformamidine  in  I5  ml  of  acetic  anhydride  was  boiled  for  1  hour. 
The  next  day  the  resultant  precipitate  V7as  filtered  out  and  washed  with  water 
and  with  alcohol.  Weight;  2,35  S»  The  product  was  recrystallized  from  135  oil 
of  alcohol  to  purify  it.  Weight;  1,94  g  (70^  of  the  theoretical).  Yellow 
needles,  with  a  m,p.  of  240-242“. 

Found  S  22.85,  22.98,  C12H10O2N2S2 ,  Computed  3  23.02. 

3-Methyl-5-(acetanlllnomethylene) -rhodanine.  Like  the  preceding  product, 
this  was  prepared  from  1.47  g  of  3-iiiethylrhodanlne  and  I.96  g  of  diphenylformr 
amidine.  The  yield  was  1,88  g  (64.4^  of  the  theoretical)  after  recrystalliza- 
tlon  from  alcohol  (l  g  from  50  ml).  Golden  lamellae  with  a  m,p.  of  l66-l68“ . 

5- (3 ' -Ethylbenzothiazolinylidene-2  * -ethylidene) -thlazolidlnethion-2-one-4 
(Vl) .•  A  mixtureof  O.56  g  of  5- (acetanlllnomethylene) -rhodanine,  O.67  g  of  2- 
methylbenzothiazole  ethiodide,  and  10  ml  of  pyridine  was  heated  to  130“  over  an 
oil  bath  for  I5  minutes.  Several  hours  later  the  precipitate  was  filtered  out 
and  washed  on  the  filter  with  water,  alcohol,  and  ether.  Weight;  0.33  g-  The 
resultant  dye  is  extremely  slightly  soluble  in  alcohol  (l  g  in  20  liters  of 
boiling  alcohol)  or  in  benzenej  it  is  readily  soluble  in  pyridine  and  in  glacial 
acetic  acid.  Washing  twice  with  boiling  alcohol  (25  ml  each  time)  yielded  a 
pure  product  with  a  m.p.  of  276*  (with  decomposition).  Weight;  0.32  g  (50^  of 
the  theoretical).  The  sample  was  recrystallized  from  an  alcohol-pyridine  mixture 
(1  g  to  1200  ml  of  a  4sl  mixture).  Minute  violet  needles  with  a  m.p.  of  276“ 

(with  decomposition) . 

Found  io:  N  8.66.  C14H12ON2S3,  Computed  N  3.74. 

3-Methyl-5-  (3 '  -ethylbenzothiazolinylidene-2 '  --ethylidene)  -thiazolidinethion- 
2-one-4  (ill). This  was  prepared  like  the  preceding  dye,  from  O.58  g  of  3-methyi- 
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5-(acetanilinomethylene)-rhodanine  and  O.67  g  of  2-methylbenzothiazoie  ethiodide 
in  10  ml  of  pyridine.  The  yield  of  the  pure  dye,  recrystallized  from  alcohol 
(1  g  to  4  liters),  was  0.3^  g  (50^  of  the  theoretical).  Dark  red,  minute  needles 
with  a  m.p.  of  268-269“  (with  decomposition). 

Found  N  8.48.  C15H14ON2S3.  Computed  N  8.57* 

2-Methylmercapto-3- (3 ' -ethylbenzothiazolinylidene-2' -ethyl idene) -thiazolin- 
one-4  (IV).  This  dye  was  synthesized  in  two  ways;  l)  Q.16  g  of  potassium  hydrox¬ 
ide  and  0.44  g  of  the  methyl  ester  of  ^-toluenesulfo  acid  were  added  to  a  suspen¬ 
sion  of  0.64  g  of  5- (3 ' -ethylbenzothiazolinylidene-2' -ethylidene) -thiazolidine- 
thion-2-one-4  in  10  ml  of  alcohol,  and  the  mixture  was  then  heated  for  20  minutes 
over  a  boiling  water  bath.  The  next  day  the  precipitate  wafe  filtered  out  and 
washed  with  water  and  with  alcohol.  Weight:  O.5I  g.  The  product  was  boiled  with 
350  ml  of  ethyl  alcohol,  and  the  hot  solution  was  filtered  (the  precipitate 
weighed  O.O9  g,  with  a  m.p.  of  255-257“  with  decomposition)  and  chilled.  Double 
recrystallization  from  benzene  yielded  the  product  as  O.I5  g  (22^  of  the  theor¬ 
etical)  of  red-violet  needles  with  a  m.p.  of  249-251“  (with  decomposition). 

Found  N  8.44.  C15H14ON2S3.  Computed  N  8.37* 

The  dye  (m.p.  256-^257“)^  which  was  insoluble  in  alcohol,  was  crystallized 
from  benzene.  Yield:  O.O5  g;  m.p.  268*  (with  decomposition).  A  test  sample  of 
this  dye,  mixed  with  3-niethyl-5- (3’ -ethylbenzothiazolinylidene-2' -ethylidene) - 
thiazolidinethion-2-one-4,  produced  by  a  different  method  (vide  infra) ,  exhibited 
no  depression  of  the  melting  point.  The  absorption  curves  of  the  two  dyes  were 
likewise  Identical. 

2)  0.8  g  of  5- (3* -ethylbanzothiazolinylidene-2' -ethylidene) -thiazolidine- 
thion-2-one-4  was  dissolved  in  7  ml  of  absolute  alcohol  containing  O.17  g  of 
sodium  ethylate,  and  0.33  g  of  dimethyl  sulfate  was  added  slowly  drop  by  drop, 
with  vigorous  agitation.  The  resultant  pasty  mass  was  heated  to  60“  for  20  min¬ 
utes.  After  it  had  cooled,  the  precipitate  was  filtered  out  and  washed  with 
water  and  alcohol.  The  somewhat  tarry  product  (0.8  g)  was  boiled  with  120  ml cf 
-ethyl  alcOhdl,'  and  the  .insoluble'  residue  filtered  out,”  crystallized  from  45O  ml 
of  ethyl  alcohol  (yield  0.. 40  g)  and  then  twice  recrystallized  from  benzene. 

Yield  0.28  g''(33-7^  of  thcpry).  Minute  red-violet  needles,  m.p.  249-251°^  (decomp) 
,No  m.p.  depression  when  mixed  with  the  dye ^synthesized  by  the  first  method.  The 
absorption  maxima  of  ^the  two  dyes  were  lijtewise  identical  (526  mp.). 

Methyl -methyl  sulfate  of  2-methylmercapto-5- (3' -ethylbenzothlazolinyl- 
idene-2' -ethylidene) thiazolinone-4  (v) .  This  quaternary  salt  was  synthesized 
by  two  methods: 

1)  Oo33  g  of  3-methyl-5- (3’ -ethylbenzothiazollnylidene-2' -ethylidene ) - 
thiazolidinethlon  2-one-4  and  0.378  g  of  dimethyl  sulfate  were  heated  for  I5  min¬ 
utes  to  130“  (temperature  within  the  mixture).  After  it  had  cooled,  the  quater¬ 
nary  salt  was  first  washed  with  absolute  ether  and  then  boiled  twice  with  an¬ 
hydrous  benzene  (using  25  ml  each  time).  Yield:  0,42  g  (90^  of  the  theoretical) 
Dark-red  needles,  freely  soluble  in  water,  alcohol,  and  chloroform,  and  insoluble 
in  benzene  or  ether.  M.p.  211-212*  (with  decomposition). 

Found  N  5-96.  C17H20O5N2S4.  Computed  N  6.O7. 

2)  0.33  g  of  2-methylmercapto-5- (3' -ethylbenzothiazolinylidene-2' -ethylr- 

Idene) -thiazolinone-4  and  0.378  g  of  dimethyl  sulfate  were  heated  together  for 
2  hours  to  110“  (temperature  within  the  mixture).  The  resultant  product  was 
washed  with  absolute  ether  and  then  washed  twice  with  boiling  benzene  (using  25 
ml  each  time).  Yield:  0.29  g  of  the  theoretical).  M.p.  211-212“  (with  de¬ 

composition)  .  The  properties  of  this  dye  indicated  its  identity  with  the  product 
synthesized  by  Method  1,  nor  did  it  exhibit  any  depression  of  the  melting  point 
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when  mixed  with  the  latter. 


3-Methyl-^- (3 ' -ethylhenzothiazolinylidene-2’ -ethylldene) -thlazolidinedlone- 
2,4  (VIiTT [Decomposition  of  the  quaternary  salt  (V)  in  an  aqueous  medium]^ A 
solution  of  0.02  g  of  the  methyl-methyl  sulfate  of  2-methylmercapto-5-(3'-ethylhenzo- 
thiazolinylldene-2' -ethylidene) -thiazollnone-4  in  20  ml  of  water  was  boiled  forh/o 
hours.  As  boiling  continued,  large  quantities  of  methanethiol  were  evolved,  and  an 
orange  precipitate  settled  out.  After  the  mixture  had  cooled,  the  precipitate  was 
filtered  out  and  washed  with  water  and  alcohol.  Yield:  O.58  g  (92^  of  the  theoret¬ 
ical);  m.p..  247-249“  (with  decomposition).  The  melting  point  of  the  dye  did  not  ^ 
change  after  it  had  been  recrystallized  from  I50  ml  of  alcohol.  Yellow-orange 
needles;  rather  freely  soluble  in  alcohol,  benzene,  and  ether;  insoluble  in  water. 

Found  S  19«9T»  C15H14O2N2S2.  Computed  S  20.15 . 

We  wish  to  express  our  profound  gratitude  to  C.V.Natanson,  under  whose 
direction  the  spectrophotometric  measurements,  as  well  as  the  investigations  of 
the  photographic  properties  of  these  dyes,  were  made. 

SUMMARY 

1.  The  methyl -methyl  sulfate  of  2-methylmercapto-5-(3'-ethylbenzothiazol- 
inylidene-2' -ethylldene) -thiazollnone-4  has  been  synthesized  by  reacting  3-niethyl- 
5- (5' -ethylbenzothiazolinylidene-2' -ethylldene) -thlazolidlnethion-2-one-4  or  2- 
methylmercapto-5- (3' -ethylbenzothiazolinylldene-2' -ethylidene) -thiazolinone-4  with 
dimethyl  sulfate.  It  has  been  found  that  heating  this  compound  in  water  or  in  an 
aqueous -alcoholic  medium  hydrolyzes  it  completely,  methanethiol  being  evolved  and 
a  merocyanin  with  a  thiazolidinedione-2,4  group  being  formed. 

2.  It  has  been  shown  that  5- (3 ' -ethylbenzothiazollnylidene-2' -ethylidene) - 
thiazolldinethlon-2-one-4  can  be  methylated  at  the  sulfur  atom  or  at  the  nitrogen 
atom,  depending  upon  the  reaction  conditions  and  corresponding  to  the  two  tautomer¬ 
ic  forms  of  the  original  merocyanin. 

3.  A  study  has  been  made  of  the  optical  and  photographic  properties  of 
the  synthesized  dyes. 
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ALKALOIDS  OP  SOME  SPECIES  OP  THE  LEGUME  PAMILY 


X.  NEW  ALKALOIDS  PROM  PIPTANTHUS  NANUS  M.  POP.  -  PIPTANTINE  AND  PIPTAMINE 


R..  A  Konovalova,  R  S  Diskina  and  M  S  Rabinovich 


This  research  is  a  continuation  of  a  series  of  papers  dealing  with  the 
alkaloids  of  species  of  the  legiime  family  that  grow  in  the  USSR. 

All  the  representatives  of  this  family  investigated  up  to  now  are  plants 
that  are  extremely  rich  in  alkaloids.  This  fact,  together  with  the  appreciable 
toxicity  and  wide  distribution  of  numerous  botanical  species  of  the  legume  fam¬ 
ily,  justifies  a  rather  thoroughgoing  investigation  of  the  alkaloids  of  this 
group . 

Table  1  lists  the  results  of  the  exploration  of  some  of  the  species  of 
the  legume  family  that  grow  in  the  Soviet  Union. 

We  see  from  the  data  in  Table  1  that  Soviet  research  workers  have  isolated 
from  various  species  of  the  Leguminosaceae  family  nine  new  alkaloids;  pachycarp- 
Ine,  sophoridine,  sophocarpine"^  sophoramlne,  aloperine,  thermopsine,  homother- 
mopsine,  ammodendrine,  Isoammodendrine,  and  ammothamnlne,  in  addition  to  other 
bases  that  had  already  been  described  in  the  literature:  matrine,  anagyrine, 
lupanlne,  sparteine,  cytisine,  and  methylcytisine. 

The  plant  used  in  the  present  investigation  was  the  botanical  species 
Piptanthus  nanus*  (family  Leguminosaceae) ,  which  grows  in  the  Tien  Shan  region. 

It  was  first  discovered  by  the  Russian  botanist  M, Popov  in  1951  in  Kashgar ia. 

In  19^6  P.n.  was  found  in  the  Kokomeren  Pass  (in  the  Central  Tien  Shan)  byP.S 
Massagetov,  the  head  of  an  expedition  of  the  All-Union  Research  Institute  of 
Pharmaceutical  Chemistry,  who  was  the  first  to  establish  the  alkaloid  properties 
of  this  plant  and  to  suggest  that  it  be  subjected  to  further  chemical  investi¬ 
gation.  P.n.  proved  to  be  extraordinarily  rich  in  alkaloids,  which  total  2.5‘5^> 
of  the  dry  weight  of  the  plant.  The  bases  were  recovered  from  the  parts  of  the 
plant  above  ground  in  the  usual  manner  -  extraction  with  dichloroethane,  fol¬ 
lowed  by  leaching  with  dilute  acid.  The  alkaloids  could  be  separated  by  making 
use  of  their  different  basicities  and  the  different  solubilities  of  their 
nitrates  in  acetone.  This  yielded  three  alkaloids,  one  a  liquid  and  the  other 
two  crystalline. 

The  liquid  base  represents  nearly  half  the  total  alkaloids  recovered  from 
the  mother  liquor  after  the  crystalline  alkaloids  had  been  filtered  out,  or  1.1^, 
by  weight  of  the  plant.  It  is  a  light-yellow  oil  that  darkens  when  exposed  to 
the  air,  with  a  b.p.  of  l^S-l^O*"  (at  4  mm),  a  levorotatory,  dibasic,  tertiary 
base,  which  forms  well-crystallized  salts:  a  dihydroiodide,  a  diplcrate,  and  a 
crystalline  monomethiodlde ,  The  salts  resemble  1-sparteine  in  all  their  proper¬ 
ties  and  constants. 


Henceforth  abbreviated  to  P.n. 


TABLE  1 


[Alkaloids  isolated 

Described  in 
the  litera¬ 
ture 

New 

Composi¬ 

tion 


Researchers 


TABLE  2 


Base  isolated 
from 

- Piptanthus  nanus 

1- Sparteine 

Melting  point 
of  mixed  tjest 
sample 

Boiling  point  ........ 

138-140°  (4  mm) 

i86-190'*  (18  mm) 

— 

Dihydrlodide  (m.p.)... 

255-257" 

257-258° 

256-257° 

Picrate  (m.p.)  ....... 

198-199 

208 

198-199 

Monomethiodide  (m.p. ) . 

236-237 

236-238 

- 

[a]j)  in  alcohol  ..... 

-15.6 

-16.3 

— 

slightly  soluble  in  acetone.  Ultimate  analysis  of  the  base  as  well  as  of  its 
salts  indicates  that  the  formula  of  piptantine  is  C14H24N2.  No  N-alkyl  groups 
were  found,  and  the  pyrrole  reaction  was  negative. 

When  piptantine  is  heated  with  methyl  iodide,  the  hydriodide  is  formed,  cfe- 
composing  when  exposed  to  a  25^  ammonia  solution.  This  results  in  the  formation 
of  a  new  crystalline  base  with  a  m.p,  of  111-112°,  which  exhibits  a  depression 
of  the  melting  point  when  mixed  with  the  original  piptantine.  Ultimate  analysis 
and  determination  of  the  N-alkyl  group  indicate  that  this  base  is  N-methylpip- 
tantine.  When  piptantine  is  reacted  with  acetic  anhydride  (in  pyridine),  a  new 
crystalline  base,  with  a  m.p.  of  213-215*'  is  formed;  its  ultimate  analysis  in¬ 
dicates  that  it  is  the  monoacetyl  derivative  of  piptantine.  The  latter  was  un¬ 
affected  by  heating  with  methyl  iodide.  Finally,  when  reacted  with  sodium  nit¬ 
rate,  piptantine  yields  a  nltroso  derivative  that  exhibits  a  pronounced  positive 
Liebermann  reaction.  All  these  properties  of  piptantine  testify  to  that  alka¬ 
loid's  possessing  one  atom  of  secondary  nitrogen. 

Piptamine  is  a  stronger  base  than  piptantine.  The  only  way  to  recover  it 
from  its  salt  solutions  is  with  ammonia.  It  crystallizes  readily  from  acetone, 
fuses  at  175-17^* ^  and  is  optically  inactive.  It  forms  a  readily  crystallizable 
hydrochloride  and  hydrobromide.  It  differs  from  piptantine  in  that  its  nitrate 
dissolves  very  freely  in  acetone,  thus  making  possible  the  complete  separation 
of  the  two  alkaloids. 

Ultimate  analysis  of  the  base  and  of  its  hydrochloride  indicates  that  the 
formula  for  the  base  is  C14H24N2,  i.e.,  it  is  an  isomer  of  piptantine.  It,  too, 
has  no  N-alkyl  group,  and  its  pyrrole  reaction  is  negative. 

When  piptamine  is  heated  with  methyl  iodide,  a  hydriodide  results,  which 
is  decomposed  by  a  25^  solution  of  ammonia.  This,  in  turn,  yields  a  new  crys¬ 
talline  base,  with  a  m.p.  of  96-97“ >  which  exhibits  a  depression  of  the  melting 
point  when  mixed  with  the  original  piptamine.  Ultimate  analysis  indicates  that 
this  base  is  N-methylpiptamlne.  The  action  of  acetic  anhydride  on  piptamine 
(in  pyridine)  yields  a  new  crystalline  base,  with  a  m.p.  of  92-96°,  which  is  the 
monoacetyl  derivative  of  piptamine  according  to  its  ultimate  analysis.  When 
piptamine  is  reacted  with  sodium  nitrite,  a  nitroso  derivative  is  formed,  which 
exhibits  a  marked  positive  Liebermann  reaction.  All  these  properties  of  piptam¬ 
ine  testify  to  the  presence  of  a  single  atom  of  secondary  nitrogen  in  that  alka¬ 
loid.  Moreover,  our  study  of  piptamine  Indicates  its  great  resemblance  to  pip¬ 
tantine,  which  justifies  our  regarding  the  two  as  an  instance  of  optical  iso¬ 
merism. 

The  two  new  crystalline  secondary  bases  with  the  composition  of  C14H24N2 
isolated  from  the  legume  family  are  doubtless  of  great  interest.  As  we  see  from 
Table  1,  the  overwhelming  majority  of  alkaloids  of  this  group  isolated  in  our 
laboratory  up  to  now  belong  to  the  C15  series.  The  ancestors  of  this  series  are 


pachycarpine  and  sparteine,  the  molecules  of  which  possess  a  complicated  hetero*- 
cyclic  system  that  contains  two  condensed  quinolizidine  (lupinane)  rings  (l) . 

Cytisine,  with  the  formula  C11H14ON2  (II),  is  directly  related  to  this  sys¬ 

tem,  since  it  also  has  a  quinolizidine  group. 


Ammodendrine  (and  isoammodendrine) ,  with  the  formula  Ci2H220N2^  which  are 
found  in  various  Ammodendron  species  together  with  pachycarpine,  is  very  probt- 
ably  structurally  related  to  the  latter.  This  hypothesis,  put  forward  by  the 
late  Academician  A. P. Orekhov,  is  supported  by  the  fact  that  the  relative  amount 
of  both  alkaloids  varies  greatly  in  Ammodendron  during  the  various  seasons.  One 
of  these  structural  types  must  therefore  be  converted  into  the  other  within  the 
plant ; 


An  extremely  interesting  problem  is  the  relationship  between  the  two  alka¬ 
loids  newly  isolated,  piptantine  and  plptamlne,  and  the  sparteine  that  is  found 
together  with  them.  The  fact  that  these  new  bases  contain  one  less  carbon  atom 
than  sparteine  leads  one  to  wonder  whether  they  are  not  intermediate  products, 
formed  during  the  plant's  synthesis  of  sparteine. 

Our  study  of  the  structure  of  piptantine  and  piptamine  is  being  continued. 

EXPERIMENTAL 

Recovery  of  the  alkaloids.  8.5  kg  of  the  parts  of  the  plant  Piptanthu s 
nanus  that  grow  above  the  ground  were  wetted  with  a  10^  ammonia  solution  and  ex¬ 
haustively  extracted  with  dlchloroethane .  The  dlchloroethane  extracts  were  re¬ 
peatedly  extracted  with  lO'jJi  sulfuric  acid.  The  acid  soluxlons  were  alkalinized 
with  a  25^  ammonia  solution  and  then  extracted  successively  with  ether  and  chlor.' 
form.  The  ether  was  driven  off,  the  I80  g  of  residue  being  a  dark,  viscous  mass 
After  the  solvent  had  been  driven  off  from  the  chloroform  extract,  we  had  left 
43  g  of  an  alkaloid  mixture  as  a  tarry  mass. 

Separation  of  the  bases.  18O  g  of  the  alkaloid  mixture,  seciired  by  ex¬ 
traction  with  ether,  was  dissolved  in  10^  sulfuric  acid.  The  acid  solution  was 
washed  a  few  times  with  chloroform,  and  then  sodium  bicarbonate  was  added  until 
its  litmus  reaction  was  alkaline.  The  alkaline  solution  was  exhaustively  extrac¬ 
ted  with  ether  and  then  with  chloroform.  The  ether  solution  was  desiccated  above 
sodium  sulfate  and  then  evaporated,  the  residue  (56  g)  consisting  of  a  viscous, 
dark,  oily  liquid,  from  which  23. 1  g  of  a  colorless  crystalline  base  with  a  m.p. 
of  I36-I4O®  was  recovered  by  trituration  with  acetone.  We  named  the  alkaloid 
piptantine.  The  aqueous  solution  of  the  bases  left  after  the  ether  extraction 
was  alkalinized  with  an  excess  of  25^  ammonia  and  then  exhaustively  extracted 
with  ether.  The  ether  solution  was  desiccated  above  sodium  sulfate  and  then 
evaporated;  acetone  was  added  to  the  residue,  which  was  a  thick,  dark  oil  weigh-ijvj 
115  g;  trituration!  of  the  latter  with  the  acetone  yielded  g  of  a  crystal¬ 
line  base  with  a  m.p.  of  l62-l63° «  We  named  the  alkaloid  piptamine. 
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The  acetone  was  driven  out  of  the  mother  liquors  left  after  filtration  of 
the  crystalline  bases,  which  still  contained  a  large  quantity  of  alkaloids,  and 
then  the  residue  was  fractionated  in  vacuum.  The  33  g  of  the  mixture  of  bases, 
which  was  a  dark,  tarry  mass,  was  distilled  in  a  4-mm.  vacuum^  the  following  two 
fractions  being  collected;  I  -  b.p,  143-155**^  22g  of  a  light-yellow,  highly  mobile 
oil  with  a  disagreeable  odor,  which  darkened  upon  exposure  to  the  air,  a  tar 
separating  outj  and  II  -  b.p.  190-210*,  6  g  of  a  light-yellow  hyaline  mass  that 
solidified  rapidly. 

Fraction  I.  Specific  rotatory  power:  1.1468  g  of  the  substance  in  15  ml 
of  ethyl  alcohol  (l  i  dm);  -1.19", 

The  picrate  was  prepared  by  mixing  alcoholic  solutions  of  the  base  and  of 
picric  acid.  It  settled  out  as  a  yellow  crystalline  precipitate.  Its  m.p.  was 
198-199°  after  recrystallization  from  acetone,  A  test  sample,  mixed  with  the 
picrate  of  1-sparteine,  had  a  m.p.  of  198-199° » 

Monomethiodide .  10  g  of  the  base  was  dissolved  in  l4  g  of  ethyl  acetate. 

The  resulting  solution  was  heated  for  3  hours  on  a  ^.ter  bath  with  13  g  of  methyl 
iodide.  After  the  solution  had  cooled,  colorless  crystals  settled  out,  which 
were  dissolved  in  40  ml  of  chloroform.  To  this  solution  40  ml  of  hot  ethyl  acet¬ 
ate  was  added,  causing  a  colorless  crystalline  substance  to  settle  out.  The  re¬ 
sultant  methlodide  was  recrystallized  from  water  and  then  had  a  m.p,  of  236-237° 
(the  m.p,  of  the  methlodide  of  1-sparteine  is  236-238*). 

Dihydr iodide.  7  g  of  potassium  iodide  was  added  to  5  g  cf  the  base  dis¬ 
solved  in  30  ml  of  10^  sulfuric  acid.  The  light  yellow  crystals  of  the  dihydriod- 
ide  that  settled  out  of  the  solution  were  filtered  out,  washed  with  acetone, 
and  recrystallized  from  water.  The  resulting  dlhydrlodide  had  a  m.p.  of  255-257°. 
A  test  sample  mixed  with  the  dihydriodlde  of  i-sparteine,  fused  at  256-257*. 

Fraction  II.  The  base  was  triturated  with  acetone,  a  white  crystalline 
precipitate  settling  out;  it  had  m.p.  of  171-173°  after  recrystallization  from 
acetone.  A  test  sample,  mixed  with  the  alkaloid  piptamine,  fused  at  171-173*.  . 

Piptantine  nitrate  was  prepared  by  adding  nitric  acid  diluted  with  acet¬ 
one  to  the  base  in  acetone.  The  product  was  recrystallized  from  aqueous  alcohol. 
Aclcular  crystals  with  a  m.p.  of  205-206"'.  The  nitrate  is  insoluble  in  acetone 
or  ethyl  alcohol,  but  is  freely  soluble  in  water. 

3.685  mg  substance:  6.2l6  mg  CO2;  2.640  mg  HpO.  3.833  mg  substance: 

6.500  mg  COp;  2.695  mg  HpO.  4.75®  mg  substance.  0.684  ml  Np  (26*,  727  mm). 
Found  C  46.00,  46.24;  H  8.02,  7„87;  N  I5.68.  Ci4Hp4Np“ 2HN03‘-Hp0. 

Computed  C  46. 16;  H  7»7;  N  I5.38.  0.0714  g  substance:  in  4  mi  of 

water  (l  0.5  dm);  -0.03  ;  i'l]^  -3.3°. 

The  piptantine  base  was  Isolated  by  decomposing  the  nitrate  by  adding  25'3(> 
ammonia  to  an  aqueous  solution  of  the  latter.  It  was  recrystallized  from  acet¬ 
one.  Lamellar  needles,  with  a  m.p,  of  143.5-1^4.5*.  Recrystallization  caused 
no  change  in  the  melting  point. 

3.699  mg  substance:  10.384  mg  COp;  3»600  mg  HpO,  3-235  ^ig  substance: 

9.060  mg  COp;  3.227  mg  HpO.  3.485  mg  substance;  0.397  ml  Np  (21.5°, 

736,5  mm).  4,739  mg  substance:  O.55I  ml  Np  (26*,  728,0  mm).  Found 
C  76.55,  76.33,  H  10.89,  11.16;  N  12.85,  12.71.  M  238  (East). 

C14HP4NP.  Computed  C  76.37;  H  10. 9O;  N  12.72.  M  220. 

0.1090  g  substance:  in  5  ml  ethyl  alcohol  (l  0.5  dm);  a-r,  -O.265*; 

[alp  -24.3°. 

Wilstatter  reaction:  a  solution  of  the  base  in  sulfuric  acid  did  not  de¬ 
colorize  permanganate. 
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Pyrrole  reaction:  When  the  base  was  heated  with  zinc  dust,  a  pine  chip 
soaked  in  concentrated  HCl  and  held  in  the  vapor  did  not  turn  red. 

The  hydrochloride  was  prepared  by  adding  an  alcoholic  solution  of  HCl  to 
the  base  in  acetone.  It  was  recrystallized  from  absolute  alcohol.  Rhombic  crys¬ 
tals  with  a  m.p.  of 256"  with  decomposition. 

0.2479  g  in  5  Dll  of  water  (l  O.5  dm)  j  ap  -0.05°5[a]j^  -1.21“. 

5.295  mg  substance:  4.419  mg  AgCl.  7"952  mg  substance;  7-386  mg  AgCl. 

Found  Cl  22.98,  22.98,  Ci4H24N2'2HC1“H20.  Computed  Cl  22.85- 

The  hydrobromide  was  prepared  by  adding  an  aqueous  solution  of  hydrobromic 
acid  (6^^)  to  the  base  in  acetone.  The  minute  needles  had  a  m.p.  of  286“  (with 
decomposition)  after  recrystallization  from  ethyl  alcohol. 

0.2290  g  substance:  in  5  ml  of  water  (l  O.5  dm);  -0.04“;  [a]p  -1.72“. 
6.925  mg  substance:  6,625  mg  AgBr.  Found  Br  40.71, 

Ci4H24N2°2HBr °H20.  Computed  Br  59,97- 

Action  of  methyl  iodide  on  piptantine.  2  g  of  the  base  was  dissolved  in 
25  ml  of  ethyl  acetate  and  then  heated  for  50  minutes  over  a  water  bath  with  5 
g  of  methyl  iodide.  Silky  acicular  crystals  were  thrown  down  at  once  from  the 
boiling  solution.  The  hydr iodide  had  a  m.p.  of  258-259*  after  recrystalliza¬ 
tion  from  water. 

N -Methylpiptant ine  was  prepared  by  adding  an  excess  of  25^  ammonia  to  an 
aqueous  solution  of  the  hydr iodide.  The  white  precipitate,  which  was  insoluble 
in  water,  was  recrystallized  from  acetone  as  lamellar  needles,  with  a  m.p.  of 
111-112*.  A  test  sample,  mixed  with  piptantine,  fused  at  102-106°. 

4.591  mg  substance:  0.487  ml  N2  (19-5*^  736.1  mm).  5-376  mg  substance: 

6,97  ml  1/50  N  Na2S203.  Found  N  11.99-  NCH3  12.54.  C14H23N2CH3. 

Computed  N  11,96,  NCH3  12,58.  0,0865  g  substance;  in  4  ml  ethyl 

alcohol  (1  0.5  dm);  ap  -0,08“;  [a]p  -7-42“. 

The  nitrate  of  N-methylpiptantine  was  prepared  by  adding  nitric  acid  (sp, 
gr.  1.42)  diluted  with  acetone  to  the  base  in  acetone.  It  had  a  m.p.  of  157- 
158“  after  recrystallization  from  ethyl  alcohol. 

N  -  Ac  e  t  y  Ip  ipt  ant  ine .  O.5  g  of  the  base  was  dissolved  in  5  di1  of  acetic 

anhydride  and  heated  for  5  hours  with  2  ml  of  pyridine  over  a  water  bath.  The 
excess  acetic  anhydride  was  decomposed  with  water,  and  25^  ammonia  was  added 
to  the  solution.  A  white  precipitate  settled  out,  which  was  recrystallized 
from  acetone.  Minute  globular  crystals  with  a  m.p.  of  215-215". 

4,542  mg  substances  0.592  ml  N2  (16'’,  747-6  mm).  4.807  mg  substance; 

0,451  ml  N2  (l6“,  742.6  mm).  Found  N  10. 52,  10. 56. 

O14H23N2COCH3.  Computed  N  10.68. 

Nltrosopiptantine  ^ was  prepared  by  slowly  adding  a  10^  aqueous  solution 
of  sodium  nitrite,  with  chilling,  to  a  solution  of  the  base  in  dilute  hydro¬ 
chloric  acid.  Neutralization  with  alkali  threw  down  a  white  precipitate  that 
was  freely  soluble  in  ether,  acetone,  benzene,  and  alcohol,  but  was  Insoluble 
in  water.  It  did  not  have  a  sharp  melting  point,  decomposing  at  95*-  I't  ex¬ 
hibited  an  intense  positive  Lieberman  reaction. 

Piptamine .  The  base  was  recrystallized  from  acetone  (l:100).  Minute 
cubic  crystals  with  a  m.p.  of  175-174^.  Recrystallization  did  not  raise  the 
melting  point.  The  base  is  slightly  soluble  in  acetone,  insoluble  in  water,  and 
freely  soluble  in  ether  and  alcohol.  The  nitrate  of  the  base  is  soluble  in  al¬ 
cohol  and  acetone. 
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3.110  mg  substances  8.729  nig  CO25  5.08l  mg  E2O.  2.672  mg  substances 
7.^79  mg  CO25  2.600  mg  H2O.  4.066  mg  substances  0.473  ml  N2  (21. 5“^ 

732  mm).  Found  ^s  C  76.54,  76.255  H  11. 08,  10. 885  N  12.985  M  218.4 

(East),  C14H24N2.  Computed  <joi  C  76.375  H  IO.9O5  N  12. 725  M  220. 

An  alcoholic  solution  of  the  base  is  optically  inactive. 

Wilstatter  reactions  a  solution  of  the  base  in  sulfuric  acid  did  not  de¬ 
colorize  a  permanganate  solution. 

Pyrrole  reactions  When  the  base  was  heated  with  zinc  dust,  a  pine  chip 
wetted  with  concentrated  HCl  and  held  in  the  vapor  did  not  turn  red. 

The  hydrochloride  was  prepared  by  adding  an  alcoholic  solution  of  HCl  to 
the  base  in  acetone.  Its  melting  point  was  ^  335°  (with  decomposition)  after 
recrystallization  from  a  mixture  of  acetone  and  alcohol. 

6.482  mg  substances  6.511  mg  AgCl.  4.930  mg  substances  4.8l7  mg  AgCl. 

Found  ^s  Cl  24.09,  24.17,  Ci4H24N2“2HCl.  Computed  ^s  Cl  24.23. 

The  hydrobromide  was  prepared  by  adding  an  aqueous  solution  of  hydrobromic 
acid  to  the  base  in  acetone.  The  m.p.  was  >^^  294“  (with  decomposition)  after 
recrystali izatlon  from  ethyl  alcohol. 

Action  of  methyl  iodide  on  piptamlne.  0.4  g  of  the  base  was  dissolved  in 
15  ml  of  ethyl  acetate  and  then  heated  for  40  minutes  with  0.5  g  of  methyl  io¬ 
dide  over  a  water  bath.  A  crystalline  precipitate,  which  proved  to  be  a  mix¬ 
ture  of  the  hydr iodides  of  the  original  and  the  methylated  bases,  settled  out 
soon  after  heating  had  begun.  The  O.52  g  of  the  hydriodide  was  treated  with 
boiling  ether  and  then  decomposed  with  25^  NH4OH.  The  precipitated  base  dis¬ 
solved  completely  in  ether.  The  ether  was  driven  off,  and  the  residue  was  re¬ 
crystallized  from  acetone,  the  base  that  crystallized  out  having  a  m.p.  of 
168-174“  and  exhibiting  no  depression  of  the  melting  point  when  mixed  with  the 
original  base.  A  new  base  with  a  m.p.  of  95-96*  was  recovered  from  the  acetone 
mother  liquor 5  in  contrast  to  the  original  base,  its  nitrate  was  insoluble  in 
acetone.  The  base  was  Isolated  from  the  nitrate  and  recrystallized  from  acet- 
one5  its  m.p.  then  was  96. 5-97 <■5*“ 

5.210  mg  substance:  0.555  ml  N2  (16.5*,  7^1.'^  mm)'.  Found  N  12,24. 

Ci4H23N2° CH3.  Computed  N  11. 96. 

N-Acetylpiptamine .  0.5  g  of  the  base- was  dissolved  in  5  ml  of  acetic  an¬ 

hydride  and  then  heated  for  6  hours  with  2  ml  of  pyridine  over  a  water  bath. 

The  excess  acetic  anhydride  was  decomposed  with  water,  and  25^  ammonia  was  added 
to  the  solution.  The  precipitated  base  was  extracted  with  ether.  The  extract 
was  desiccated  above  Na2S04,  the  ether  was  driven  off,  and  the  residue  was  re¬ 
crystallized  from  acetone.  M.p.  92-96*  (with  decomposition). 

4.680  mg  substance:  0.44l  ml  N2  (19^^?  736  mm).  Found  N  10.66. 

C12H23N2 ° COCH3 .  Computed  N  10.68. 

Nltrosopiptamine  was  prepared  by  slowly  adding  a  10^  aqueous  solution  of 
sodium  nitrite,  with  chilling,  to  a  solution  of  the  base  in  dilute  hydrochloric 
acid.  Neutralization  with  alkali  threw  down  a  white  precipitate  that  was  freely 
soluble  in  alcohol,  ether,  acetone,  and  benzene,  but  insoluble  in  water.  We 
were  unable  to  recrystallize  it.  The  compound  exhibited  an  Intense  positive 
Liebermann  reaction, 

SUMMARY 

1,  A  study  has  been  made  of  the  Central  Asian  botanical  species  Piptanthus 
nanus  M.  Pop.  of  the  legume  family,  which  has  proved  to  be  a  plant  extremely  rich 


in  alkaloids.  The  aggregate  alkaloids  recovered  total  2.5^  of  the  weight  of  the 
dry  plant . 

2.  Separation  of  the  total  alkaloids  has  yielded  three  alkaloids;  a  liquid 
base,  Ci5H26N2;  identified  as  1-sparteine,  and  two  new  crystalline  alkaloids, 

C14H24N2,  which  have  been  named  piptantine  and  piptamine. 

3.  The  secondary  nature  of  one  of  the  nitrogen  atoms  in  the  molecule  of 
these  two  alkaloids  has  been  established  by  the  preparation  of  their  N-methyl- 
N-acetyl,  and  nitroso  derivatives. 
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INTRODUCTION  OP  A  FORMYL  GROUP  INTO  ACYL  AMINO  ACIDS 
AND  CONDENSATION  OP  THE  RESULTING  COMPOUNDS  WITH 

thiolamino  acids  to  form  thiazolidine  derivatives 


II.  THE  a-PORMYIjPHENACETURIC  ESTER  AND  ITS  DERIVATIVES 


A.  S.  Elina  and  0.  Yu.  Magidson 


In  our  preceding  report  we  described  the  synthesis  of  an  analog  of  ethyl 
penlclllolc  ester,  viz. ;  the  ethyl  ester  of  a-(4-carboxy-5;5-dlmethyl-2-thla- 
zolldyl) -hlppurlc  acid. 


The  goal  of  the  present  Investigation  was  the  synthesis  of  the  ethyl  ester 
of  a- (4-carboxy-5,5-dlmethyl-2-thlazolldyl) -phenaceturlc  acid,  l.e.,  the  ethyl 
ester  of  the  penlclllolc  acid  of  penicillin  II.  The  synthesis  of  this  compound 
may  be  represented  as  follows: 


(CH3)2(|-SH, 

CHNH2 

COOH 


+  OHC-CH 


NHCOCH2C6H5 


COOC2H5 


(CH3)2C - S, 

CH-NH^ 

I 

COOH 


:ch-chnhcoch2C6H5 

COOC2H5 


One  of  the  reagents  required  for  the  synthesis  of  penlclllolc  ester  II  by 
the  foregoing  metl^od  Is  the  ethyl  ester  of  a-formylphenaceturlc  acid,  the  so- 
called  penaldlnlc  ester  II.  The  preparation  of  penaldlnlc  ester  II  by  formyl- 
atlng  phenaceturlc  ester  In  a  Clalsen  reaction  was  much  more  difficult  for  us 
than  preparing  the  corresponding  formyl  derivative  of  hlppurlc  acid  (£f  Report 
I  [4]),  owing  to  the  fact  that  the  phenaceturlc  ester,  In  contrast  to  the 
hlppurlc  ester,  has  two  reactive  methylene  groups,  and,  hence,  the  formyl  group 
can  enter  the  molecule  In  different  ways.  With  this  In  mind,  we  tried  out  sev¬ 
eral  variants  of  synthesizing  penaldlnlc  acid  II  In  other  ways. 


In  the  first  variant,  we  started  out  with  formylchloroacetlc  ester,  syn¬ 
thesizing  Its  ethyl  acetal.  We  Intended  to  substitute  an  amino  group  for  the 
chlorine  In  the  diethyl  acetal  of  formylchloroacetlc  ester,  then  condensing  the 
diethyl  acetal  of  formylglyclneamlde  with  the  acid  chloride  of  phenylacetlc 
acid. 


CHO 


(4ci 


^H(0C2H5); 


OOC2H5 


CHCl 
COOC2H5 


/ 


CH(0C2H5)2 


GH(NH2) 

CONH2 


C1COCH2C6H.S 


y:H(0C2H5)2 

C6H5CH2CONHCH 


¥e  prepared  the  formylchloroacetlc  ester  by  Wislicenus'  method  [i],  em¬ 
ploying  sodium  alcoholate  in  the  >  reaction..  Substituting  sodi’um  for  potassium 
lowered  the  yield  of  the  formylchloroacetlc  ester  much  below  the  yield  specified 
by  Wislicenus,  viz . ;  from  70  bo  75^  down  to  l8^.  Using  the  dry  sodium  alcoholate 
instead  of  the  alcoholic  solution  (as  Wislicenus  did)  enabled  us  to  Increase  the 
yield  of  the  formylchloroacetlc  ester  somewhat  (up  to  50^) .  The  diethyl  acetal 
of  formylchloroacetlc  ester  was  secured  with  good  yield  by  boiling  the„ latter,  wfth 
absolute  alcohol  and  anhydrous  HCl.  This  variant  had  to  be  cut  short  in  the 
amination  stage,  however.  All  our  attempts  to  substitute  an  amino  or  a  benzyl- 
amino  group  for  the  chlorine  in  the  diethyl  acetal  of  the  (formylchloroabetlco 
c^tc.r  met  with  fa.ilure.  Nor  wer’e  we  able  ta. replace  the  ’chlorine  by  oheotaore 
mbbileuio'dine  jc  n  .  .-.'i. 


The  second  variant  may  be  represented  schematically  as  follows; 


CeHg  CH2NHCH2  COOC2H5 


HCOOCgHc^ 
C2H50Na  or  Na 


CqHs  CH2NHCH-COOC2H5 


,  ,^CH(0C2H5)2 
C6H5CH2NHCH^C00CiH5  ^ 


CH(0C2Hs)2 


C6H5CH3  +  H2NCH 


CpHrOH 


CICOCH2C6HC 


COOC2H5 

(Na) 


^H(0C2H5)2  ^ 

- ^  C6H5CH2CONHCH 

COOH 

Reacting  the  ethyl  ester  of  N-benzylglycine  with  ethyl  formate  and  sodium 
alcoholate  or  metallic  sodium  always  yielded  two  individual  crystalline  sub¬ 
stances,  no  matter  what  the  reaction  conditions  were,  the  chemical  properties  of 
neither  Indicating  the  presence  of  an  oxynjethyl-ene  or  aldehyde  group.  The 
structure  of  these  compounds_is  now  under  investigation,  We  have  thus  been  un¬ 
able  to  synthesize  the  ethyl  ester  of  N-benzyl-a-formylglyclne. 

After  our  unsuccessful  attempts  to  synthesize  penaldinic  acid  II  by  the 
methods  outlined  above,  we  made  a  study  of  the  formylation  of  phenaceturic  acid. 
After  numerous  experiments  on  the  formylation  of  phenaceturic  ester  under  vario^ig 
conditions  (using  sodium  alcoholate,  metallic  sodium,  various  temperatures,  and 
various  solvents;  benzene,  ether,  and  alcohol),  we  found  that  the  yield  of 
formylphenaceturlc  ester  was  highest  when  phenaceturic  ester  was  reacted  with 
ethylformate  and  dry  sodium  alcoholate  in  absolute  ether  at  room  temperature. 

The  resulting  formylphenaceturlc  ester  was  an  oily  non-crystallizing  substance 
that' cpnsisted  of  a  mixture  of  the  carbonyl  and  enol  forms  of  formylphenaceturlc 
ester.  We  identified  the  formylphenaceturlc  ester  we  had  synthesized  by  pre¬ 
paring  its  dinitrophenylhydrazone. *  It  is  worthy  of  note  that  a  by-product  of 
the  formylation  of  phenaceturic  ester  is  phenylacetic  ester,  a  rather  large  am 
amount  of  which  was  recovered.  Hence,  the  formylation  of  phenaceturic  ester  is 
accompanied  by  a  cleavage  of  the  phenaceturic  ester  and  esterification  of  the 
phenylacetic  acid  produced  by  this  cleavage.  We  established  the  position  of  the 
formyl  group  in  the  formylphenaceturic  ester  as  follows;  the  formyl  group  was  re¬ 
duced  to  an  alcohol  group  with  aluminum  amalgam.  The  reaction  product  (its  yield 
being  7^^  of  the  theoretical)  was  cleaved  hydrolytically  by  boiling  it  with  di¬ 
lute  sulfuric  acid.  This  reaction  yielded  nearly  quantitative  amounts  of  serine 
and  phenylacetic  acid: 


After  we  had  synthesized  formylphenaceturic  ester,  an  abstract  was  published  of  an  American  patent  [2] , 
in  which  ethyl  ferny Iphenaceturate  was  described.  The  melting  point  of  the  dinitrophenylhydrazone  of  the 
formylphenaceturlc  ester  we  had  synthesized  was  the  same  as  that  of  the  dinitrophenylhydrazone  described 
in  this  patent. 


IHgOH 


yCHO  Jd 

C6H5CH2CONHCH— COOC2H5  C6H5CH2CONHd^COOC2Hs 


•C6H5CH2COOH  +  H2N— CH 


yC:H20H 


COOH 


HgSOj . ,, 

H2O 


The  foregoing  equation  indicates  that  phenyiacetic  acid  and  serine  can  be 
produced  only  if  the  formyl  group  in  the  formylphenaceturic  ester  is  in  the  a- 
position  to  the  esterified  carboxyl  group. 

We  thus  found  that  the  principal  product  of  the  reaction  involving  the 
formylation  of  phenaceturic  ester  is  the  ethyl  ester  of  a-formylphenaceturic 
acid,  i.e,,  penaldic  ester  II,  When  a-formylphenaceturic  ester  was  reacted 
with  1-cysteine  hydrochloride  and  a  small  amount  of  water  at  90* ^  we  secured 
a- (4-carboxy-2-thlazolidyl) -phenaceturic  ester. 

The  hydrobromide  of  a- (4-carboxy-5,5-dimethyl-2-thiazolidyl) -phoiaceturic 
ester  was  prepared  by  reacting  d,l-dimethylcysteine  hydrobromide  with  a-formyl¬ 
phenaceturic  ester  at  5O-6O* . 

By  analogy  with  2-phenyl-4-ethoxymethyleneoxazolinone  (cf  our  preceding 
report  [4])^  we  synthesized  2-benzyl-4-ethoxymethyleneoxazolinone- (5)  by  teat- 
ing  the  diethyl  acetal  of  a-formylphenaceturic  acid  with  acetic  anhydride  and 
pyridine.  We  were  unable  to  obtain  it  in  crystalline  form;  we  therefore  treated 
the  reaction  solution  with  5^  NaOH  solution  at  room  temperature  as  soon  as  the 
reaction  was  over.  This  saponified  the  ethoxymethylene  group,  and  we  secured 
crystalline  2-benzyl-4-oxymethyleneoxazolinone- (5)  in  the  free  state  by  acidula¬ 
ting  a  solution  of  the  Na  salt  of  2-benzyl-4-oxymethyleneoxazolinone- (5) . 

The  diethyl  acetal  of  a-formylphenaceturic  acid  was  prepared  by  saponify¬ 
ing  the  diethyl  acetal  of  a-formylphenaceturic  ester  with  an  alcoholic  solution 
of  an  alkali.  The  latter  was  produced  in  the  usual  manner  from  a-formylphen- 
aceturic  ester.  It  is  worthy  of  note  that,  as  in  the  formylation  reaction,  the 
ethyl  ester  of  phenylacetate  was  found  as  a  by-product  of  the  synthesis  of  the 
diethyl  acetal  of  formylphenaceturic  ester. 

EXPERIMENTAL 

Formylchloroacetic  ester.  I58  g  of  absolute  ethyl  alcohol  -was  gradually 
added  to  53*5  B  of  finely  pulverized  metallic  sodium  in  575  ^1  of  absolute  ether. 
When  all  the  alcohol  had  been  added,  the  reaction  mixture  was  boiled  for  2  hours. 
Then  another  420  ml  of  absolute  alcohol  was  added,  and  the  whole  was  chilled  to 
-5*.  The  mixture  was  stirred  while  a  mixture  of  I5O  g  of  ethyl  formate  and  260 
g  of  ethyl  chloroacetate  was  added,  the  temperature  being  kept  within  -5  and  -3* . 
After  standing  at  this  temperature  for  12  hours  the  sodium  derivative  of  formyl¬ 
phenaceturic  ester  was  filtered  out,  washed  with  ether,  desiccated,  and  dissolved 
in  water.  The  solution  was  acidulated  with  dilute  hydrochloric  acid.  The  re¬ 
sulting  oil  was  extracted  with  ether,  and  the  ether  solution  was  desiccated  with 
anhydrous  Na2S04.  The  ether  was  driven  off,  and  the  residue  was  distilled  at 
10  mm  residual  pressure.  A  fraction  boiling  in  the  6O-85*  range  was  collected. 
Redistillation  yielded  crystalline  formylchloroacetic  ester,  which  was  crystal¬ 
lized  from  benzene.  Its  melting  point  (88-90*)  after  crystallization  from  benz¬ 
ene  agrees  with' 'Wislicenus *  figiire  [1],  The  yield  was  9l’»3  or  30^  of  the 
theoretical. 


Diethyl  acetal  of  formylchloroacetic  ester.  The  91*3  g  of  formylchloro¬ 
acetic  ester  was  boiled  for  12  hours  in  450  ml  of  absolute  alcohol  after  having 
been  first  saturated  with  4,5  g  of  anhydrous  HCl.  The  alcohol  was  then  driven 


off,  and  the  residue  was  treated  with  a  K2CO3  solution  and  desiccated  with  cal¬ 
cined  K2CO3.  After  desiccation  the  acetal  was  twice  distilled  in  vacuum.  The 
second  distillation  yielded  89  g  of  the  diethyl  acetal  of  the  formylchloroacetic 
er.ter,  with  a  h.p.  of  101-103*  at  7  mm  residual  pressure. 

Found  Cl  15,7,  1^.^.  CgHi704Cl.  Computed  Cl  I5.8. 

Ethyl  ester  of  g-formylphenaceturic  acid.  7-^  g  of  absolute  ethyl  alcohol 
was  gradually  added  to  2.7^  g  of  pulverized  metallic  sodium  in  ^0  ml  of  absolute 
ether.  After  all  the  alcohol  had  been  added,  the  reaction  mixture  was  boiled  for 
2  hours,  until  all  the  sodium  had  been  converted  into  sodium  alcoholate.  After 
the  mixture  had  cooled,  10  ml  of  ethyl  formate  was  gradually  added,  and  then  25.^ 
g  of  phenaceturic  ester  was  added  during  the  course  of  IO-I5  minutes.  The  reac¬ 
tion  mixture  was  allowed  to  stand  for  8  days  in  a  hermetically  sealed  flask,  af¬ 
ter  which  it  was  poured  into  ice  water  and  repeatedly  extracted  with  ether. 

The  aqueous  solution  was  acidulated  with  dilute  hydrochloric  acid.  The  oily  sub¬ 
stance  formed  during  acidulation  was  extracted  with  ether.  The  ether  solution 
was  desiccated  with  anhydrous  Na2S04.  The  ether  was  driven  off;  the  residue  - 
an  oily  noncrystall.lzing  substance  -  was  a  mixture  of  the  carbonyl  and  enol  forms 
of  the  ethyl  ester  of  a-formylphenaceturic  acid,  totaling  13  g. 

Dinitrophenylhydrazone  of  the  ethyl  ester  of  g-formylphenaceturic  acid . 

0.5  g  of  the  ethyl  ester  of  a-formylphenaceturic  acid  in  2  ml  of  ethyl  alcohol 
was  mixed  with  the  calculated  amount  of  a  saturated  aqueous-alcoholic  solution 
of  dinitrophenylhydrazine .  After  a  drop  of  concentrated  hydrochloric  acid  had 
been  added  to  the  solution,  the  dinitrophenylhydrazone  of  the  a-formylphenacet- 
iiric  ester  began  to  crystallize  out,  consisting  of  yellow  needles  with  a  m.p. 
of  186-I87*  (after  crystallization  from  alcohol) . 

4.034  mg  substance:  0.572  ml  N2  (22.5*,  74l.5  mm).  Found  N  15.98* 
C19H19O7N5.  Computed  N  16.3. 

Reduction  of  the  ethyl  ester  of  a-formylphenaceturic  acid.  Aluminum  amal¬ 
gam  was  added  a  little  bit  at  a  time  to  5  g  of  the  a-formylphenaceturic  ester 
dissolved  in  I5O  ml  of  ether  containing  moisture,  the  rate  being  such  that  the 
hydrogen  was  slowly  evolved  all  the  time.  A  few  drops  of  water  were  added  to 
the  ether  solution  from  time  to  time.  The  reaction  was  complete  within  3  days. 

The  end  of  the  reaction  was  indicated  by  the  disappearance  of  coloration  with 
FeCl3  in  a  sample  of  the  reaction  mass.  The  ester  was  filtered  out  of  the 
sludge,  desiccated  with  anhydrous  Na2S04,  and  distilled.  The  residue, . totaling 
3.2  g,  the  ethyl  ester  of  N-phenacetylserine,  was  an  oily  substance.  Four  days 
of  further  processing  of  the  sludge  with  ether  yielded  another  0,5  g  of  the 
ethyl  ester  of  N-phenacetylserlne. 

Cleavage  of  the  ethyl  ester  of  N-phenacetylserlne  to  phenylacetic  acid 
and  serine ,  1  g  of  the  ethyl  ester  of  N-phenacetylserine  in  40  g  of  H2SO4  (l : I5 ^ 

was  boiled  until  a  chilled  and  filtered  sample  of  the  reaction  solution  yielded 
no  detectable  precipitate  of  phenylacetic  acid  after  rebolllng  and  recooling. 

When  the  reaction  was  over,  the  solution  was  cooled.  The  precipitated  phenyl¬ 
acetic  acid  was  filtered  out.  The  phenylacetic  acid  dissolved  in  the  reaction 
solution  was  extracted  by  repeated  processing  of  the  solution  with  ether.  This 
yielded  0.48  g  of  phenylacetic  acid..  An  amount  of  Na2S04  calculated  to  be 
enough  to  neutralize  the  sulfuric  acid  was  added  to  the  solution.  The  solution 
was  filtered  and  evaporated  in  vacuum  to  small  volume;  then  it  was  cooled,  and 
the  precipitated  serine  was  filtered  out.  After  alcohol  had  been  added  to  the 
mother  liquor  some  more  serine  was  recovered.  The  serine  recovered  totaled  0.37  g* 

*  The  etlier  solution  was  desiccated  with  anhydrous  Na2S04.  The  ^her  was  driven  off  and  the  5.1  g  of  residue 
was  distilled  in  vacaum.  Almost  all  the  substance  distilled  at  105-lld'’  and  13  mn  residual  pressure.  S^- 
onification  of  the  resultant  product  with  alcoholic  NaOH  yielded  4.5  g  of  phenylacetic  acid. 


Phenylserine  cyanate.  O.3  g  of  serine  (prepared  by  cleaving  the  reduced 
a-formylphenaceturic  esterT  was  dissolved  in  3  ml  of  1  N  NaOH  and  I.5  ml  of 
water.  The  solution  was  chilled  to  0*,  and  0.35  g  of  phenyl  Isocyanate  was  added, 
with  vigorous  shaking.  The  small  amount  of  precipitated  diphenylurea  was  filtered 
out,  and  the  solution  was  acidulated  with  dilute  hydrochloric  acid.  Phenylserine 
cyanate  was  precipitated.  Some  more  phenylserine  cyanate  was  recovered  from  the 
mother  liquor  by  evaporating  it.  The  total  yield  was  0.55  g-  The  melting  point 
after  crystallization  from  water  (166-I67*)  agrees  with  the  figure  in  the  litera¬ 
ture  [3]. 

3.578  mg  substance;  0,407  ml  N2  (24'^,  751  mm).  3»712  mg  substance; 

0.422  ml  N2  (22“ ,  729  mm).  Found  N  12. 56,  12.62. 

C10H12O4N2.  Computed  N  12,49. 

Ethyl  ester  of  a-(4-carboxy-2-thiazolidyl) -phenaceturic  acid .  A  mixture 
of  3  g  of  the  ethyl  ester  of  a-formylphenaceturic  acid,  I.9  g  of  1-cysteine  hyd¬ 
rochloride,  and  0.5  ml  of  water  was  heated  over  a  boiling  water  bath  for  IO-I5 
minutes.  The  reaction  solution  was  poured  into  water  and  neutralized  with  sod¬ 
ium  bicarbonate.  The  ethyl  ester  of  a- (4-carboxy-2-thiazolidyl) -phenaceturic 
acid  was  thrown  down  as  a  colorless  precipitate  totaling  2.8  g.  Another  0.5  g 
of  the  substance  settled  out  of  the  mother  liquor  when  it  was  set  aside  to 
stand.  After  crystallization  from  'JO'^  alcohol  a- (4-carboxy-2-thiazolldyl) -phen¬ 
aceturic  ester  was  a  colorless  substance  that  crystallized  in  pliant  needles  with 
a  m.p.  of  159-160*. 

9.137  mg  substance:  5*28  ml  0,01  N  H2SO4.  8.646  mg  substance:  5*03  ml 
0.01  N  H2SO4.  Found  N  8.09,  8,l4;  S  8.89,  8,97*  C16H20O5N2S 

Computed  ^0.  N  7*95^  S  9<-13. 

Hydrochloride  of  a-(4-c arboxy-5 , 5-d.imethyl-2-thia zolidyl)  -phenaceturic 
ester.  A  mixture  of  0.8  g  of  a-formylphenaceturic  ester  and  O.5  g  of  d,l-di- 
methylcysteine  hydrochloride  was  heated  to  60*  for  3  hoiars  until  the  color  reac¬ 
tion  with  sodium  nitroprusside  that  is  typical  for  a  thiol  group  had  vanished. 

When  the  reaction  was  complete,  the  resultant  solid  was  pulverized  and  crystal¬ 
lized  from  a  mixture  of  ether  and  methanol.  Crystallization  yielded  0.7  g  of 
the  hydrochloride  of  a- (4-carboxy-5,5-dimethyl-2-thiazolidyl) -phenaceturic  ester, 
a  colorless  crystalline  substance  with  a  m.p.  of  I8I-I82*.  After  the  hydrochlor¬ 
ide  of  a- (4-carboxy-5 ,5-dimethyl-2-thiazolidyl) -phenaceturic  ester  had  been 
boiled  with  a  5^  NaOH  solution,  the  color  reaction  with  sodium  nitroprusside  re¬ 
appeared. 

7.813  mg  substance:  3*79  ml  0.01  N  H2SO4.  Found  “jE):  N  6.79* 

C18H25O5N2CIS.  Computed  N  6.72, 

Diethylacetal  of  formylphenacetiiric  ester.  4  g  of  a-formylphenaceturic 
ester  in  40  ml  of  absolute  alcohol  was  boiled  for  6  hours  after  having  first 
been  saturated  with  0,4  g  of  anhydrous  HCl.  The  alcohol  vras  driven  off  in  vac¬ 
uum,  the  residue  was  treated  with  a  potash  solution,  and  the  acetal  extracted 
with  ether.  The  ether  extract  was  washed  with  a  potash  solution  and  desiccated 
with  anhydrous  K2CO3.  The  ether  was  driven  off,  and  the  residue  was  distilled 
at  0.8  mm  residual  pressure.  The  first  low-boiling  fraction,  totaling  0.6  g, 
was  principally  the  ethyl  ester  of  phenylacetlc  acid.  The  diethyl  acetal  of  a- 
formylphenaceturlc  ester  (l,5  g)  distilled  at  a  b.p.  of  170-173*  and  O.25  mm. 

6.906  mg  substance:  0.279  ml  N2  (20. 5*,  723  mm).  6,663  mg  substance: 

18.09  ml  Na2S203.  Found  N  4.47;  OC2H5  40.75. 

C17H25O5N.  Computed  N  4.3;  OC2H5  4l.8. 

Diethyl  acetal  of  a-formylphenaceturlc  acid.  1.35  g  of  the  acetal  of 
a-formylphenaceturic  ester  was  dissolved  in  a  mixture  of  O.55  ml  of  NaOH  (sp.  gr. 


1.457)  and  8  ml  of  alcohol.  After  standing  for  2k  hours,  the  alcohol  was  driven 
off  in  vacuum  at  a  hath  temperature  of  50-35**'  The  residue  was  dissolved  in 
water,  treated  with  charcoal,  and  filtered,  and  the  filtrate  was  chilled  and  then 
acidulated  with  HCl  (l.“2).  The  oily  substance  that  separated  out  was  extracted 
with  ether 5  the  ether  solution  was  washed  with  water  and  desiccated  with  anhyd¬ 
rous  Na2S04.  After  the  ether  was  driven  off,  there  was  left  the  diethyl  acetal 
of  a-formylphenaceturic  acid,  which  crystallized  upon  standing  (0.94  g) .  The 
diethyl  acetal  of  a-formylphenaceturic  acid,  after  crystallization  from  a  mixture 
of  benzene  and  petroleum  ether,  consisted  of  colorless  needles  with  a  m.p.  of 
108-109*  (with  decomposition) . 

5.905  mg  substance:  0.266  ml  N2  (21* ,  735*1  mm).  5*897  nig  substance: 

0.268  ml  N2  (21.5“,  739.0  mm).  Found  joi  N  5*04,  5.12. 

C15H21O5N.  Computed  N  4.74. 

2-Benzyl-4-oxymethyleneoxazolinone- (5) .  0.45  g  of  the  diethyl  acetal  of 

a-formylphenaceturic  acid  was  heated  in  2.2  ml  of  acetic  anhydride  mixed  with 
0,2  ml  of  anhydrous  pyridine  for  20  minutes  over  a  water  bath.  After  the  reac¬ 
tion  mixture  had  cooled,  it  was  dissolved  in  ether  and  treated  repeatedly  with 
5^  alkali  (shaking  in  a  separatory  funnel  at  room  temperature).  The  aqueous 
alkaline  solution  of  the  Na  salt  of  2-benzyl-4-oxymethyleneoxazolinone-(5)  was 
deeply  chilled  and  acidulated  with  dilute  hydrochloric  acid.  The  precipitated 
crystalline  2-benzyl-4-oxymethyleneoxazolinone- (5)  was  filtered  out,  desiccated, 
and  crystallized  from  CCI40  The  nearly  colorless,  crystalline  2-benzyl-4-oxy- 
methyleneoxazolinone- (5)  fused  at  98-IOO* *  It  turned  blue-green  when  reacted 
with  FeCla  in  alcoholic  solution. 

3.675  nig  substance:  1.75  ml  0.01  N  H2SO4.  Found  N  6.67. 

C11H9O3N.  Computed  ^3%  N  6.89. 

SUMMARY 

1.  A  study  has  been  made  of  the  formylation  of  ethyl  phenaceturate,  and 
the  optimum  conditions  have  been  worked  out  for  the  synthesis  of  a-formylphen- 
aceturic  ester.  It  has  been  found  that  the  reaction  involves  the  cleavage  of 
the  phenaceturic  ester  as  a  side  reaction  and  the  esterification  of  the  result¬ 
ing  phenylacetlc  acid. 

2.  The  structure  of  a-formylphenaceturic  acid  has  been  established  by  re¬ 
ducing  the  formyl  group  to  an  alcohol  group  and  by  cleaving  the  resulting  ethyl 
ester  of  N-phenacetylserine  into  phenylacetic  acid  and  serine. 

3.  Reacting  a-formylphenaceturic  ester  with  the  hydrochlorides  of  1-cyst¬ 
eine  and  d,l-dimethylcysteine  yielded  the  a- (4-carboxy-2-thiazolidyl) -  and  a- 
(4-carboxy-5,5-dlmethyl-2-thiazolidyl) -phenaceturic  esters,  respectively. 

4.  The  diethyl  acetal  of  a-formylphenaceturic  acid  has  been  synthesized 
by  saponifying  the  diethyl  acetal  of  a-formylphenaceturic  ester  with  alcoholic 
alkali. 

5.  2-Benzyl-4-ethoxymethyleneoxazolinone- (5)  has  been  synthesized,  while 
saponification  of  its  ethoxymethylene  group  has  yielded  2-benzyl-4-ox3rmethylene- 
oxazolinone- (5) * 
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SYNTHETIC  RSEARCH  ON  ANALOGS  OP  THE  ALKALOID  COLCHICINE  [i]-  II» 


T„  Po  Dankova*,  T.  N.  Rokova,  N,  A.  Preobrazhensky 
and  the  Students,  A.  E.  Petrushchenko,  I.  A.  Ilshtein,  and  N.  I.  Shvetsov 

The  formula  proposed  in  1924  for  the  alkaloid  colchicine  (l)  [2]  has  under¬ 
gone  considerable  re-examination  in  recent  years ,  and  at  the  present  time  we  may 
consider  It  tb-'  be  experimentally  proven  that  the  rings  B  and  C  of  colchicine  are 
not  six-membered,  but  rather  seven-membered,  i.e.,  colchicine  is  not  a  derivative 
of  phenanthrene ,  but  is  based  on  a  condensed  tricyclic  system  consisting  of  one 
six-membered  and  tyo  seven-membered  rings  (ll)  [3]. 

Synthesis  of  compounds  built  up  on  the  demonstrated  or  hypothetical  strud- 
tural  elements  of  the  colchicine  alkaloid  would  be  of  considerable  Importance  in 
solving  the  problem  of  the  structure  of  colchicine  and  discovering,  if  possible, 
substances  of  simpler  structure  that  exhibit  colchicine’s  action.  Some  efforts 
of  this  sort  [4]  have  shown  that  derivatives  of  a-  and  3-phenylethylamlne  (ill 
and  IV)  and  derivatives  of  diphenylme thane  (V)  are  inactive Derivatives  of  di- 
phenylpropylamlne  (Vl)  possess  slight  activity.  It  was  concluded  that  antimitot¬ 
ic  activity  is  inherent  in  substances  that  contain  the  dlphenylethylamino  group 
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The  objective  of  the  present  paper  has  been  the  synthesis  of  a  series  of 
substances,  derivatives  of  ,a,3-diphenylethylamine,  a,Y -diphenylpropylamine,  and 
3,6-diphenylbutylamine,  the  molecules  of  which  contain  the  structural  elements 
of  colchicine  with  a  six-  and  seven-membered  opened  ring  B.  During  our  syntheses, 
we  also  secured  a  number  of  unsaturated  ketones,  the  structures  of  which  were 
close  to  those  of  the  compounds  described  above.  These  substances  may  likewise 
be  of  interest  for  physiological  tests,  since  there  are  data  showing  that  many 
aromatic  ketones  are  powerful  protoplasm  poisons  [5]. 

The  a, 3 -diphenyl ethylamine  and  its  derivatives  (VIII,  IX,  X,  XI,  XIl)  were 
synthesized  by  a  Friedel- Crafts  reaction;  condensing  the  acid  chloride  of  phenyl- 
acetic  acid  with  benzene  and  its  substituted  compounds,  resulting  in  derivatives 
of  3-keto-a,3-?{diphenyl) -ethane.  Reduction  of  the  oximes  of  these  ketones  yielded 
the  corresponding  amines. 
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The  ketone  was  subjected  to  the  action  of  anhydrous  ammonium  formate  at 
high  temperature  to  produce  a, 3- (diphenyl) -ethylamine  [e].  The  acid  chloride  of 
phenylacetic  acid  required  for  the  reaction  was  prepared  by  saponifying  phenyl- 
acetonitrile  and  reacting  the  resulting  acid  with  phosphorus  trichloride.  The 
condensation  was  performed  in  benzene,  carbon  disulfide,  or  nitrobenzene  at  room 
temperature  or  by  heating  to  from  40  to  80*,  The  oximes,  prepared  by  the  action 
of  hydroxylamine  hydrochloride  in  alcoholic  solution  with  sodium  carbonate,  were 
reduced  to  the  amines  by  the  action  of  sodium  ama.lgam  in  alcoholic  solution  with 
acetic  acid. 

a,3-‘Di- (4-methoxyphenyl) -ethylamine  (XIl)  was  synthesized  via  anisoin  by 
condensing  anisaldehyde  in  the  presence  of  potassium  cyanide  [7],  The  anisoin 
was  converted  into  desoxyaniseln  by  reacting  it  with  stannous  chloride  and  hydro¬ 
chloric  acid.  The  oxime,  prepared  in  a  reaction  with  hydroxylamine  hydrochloride 
[a],  was  reduced  to  the  amine  by  sodium  amalgam.  The  acetyl  derivative  of  the 
amine  was  prepared  by  reacting  a  base  of  the  amine  with  acetic  anhydride  and 
water . 

CMOW  CM2 


Derivatives  of  g-r-diphenylpropylamine .  a- ( Phenyl ) - Y- (P-chlorophenyl ) - 
propylamine  (XIII)  was  prepared  in  a  Friedel-Crafts  reaction  from  the  acid  chror 
ide  of  2-chlorophenylproplonlc  acid  and  benzene,  followed  by  reduction  of  the  ox 
ime  secured  from  the  y -keto- Y-phenyl -a- (2-chlorophenyl) -propane  formed  during  thr.: 
condensation  (cf.  Page  87O) . 

The  acid  chloride  of  2-'chlorophenylpropionic  acid  was  prepared  from  o-tol-- 
uldine,  which  was  converted  into  o-chlorotoluene  by  a  Sandmeyer  reaction,  the 
latter  in  turn  being  converted  into  o-chlorobenzyl  chloride  by  chlorination  with 
pentachloride  and  illumination  by  a  100-watt  electric  light  bulb.  The  condensa¬ 
tion  of  the  latter  compound  with  sodium  malonic  ester  in  the  presence  of  sodium 
ethylate  yielded  o-chlorobenzyl  malonate  together  with  a, 3-2,2' -dlchlorodiphenyl - 
ethane,  which  was  evidently  synthesized  under  these  conditions  by  the  condensa¬ 
tion  of  two  molecules  of  o-chlorobenzyl  chloride.  Saponification  of  the  ester 
yielded  2-chlorophenylpropionlc  acid,  which  was  converted  into  the  acid  chloride 
by  phosphorus  pentachloride, 

a- (Phenyl) - Y- (^-methoxyphenyl) -y- (amino) -propylamine  (Xiv)  was  synthesized 
by  heating  y-keto-y-phenyl -a- (4-methoxyphenyj) -propylamine  (XXTl)  with  anhydrous 
ammonium  formate  to  220-230'  in  an  ampoule.  Its  formation  involved  the  addition 
of  ammonia  in  addition  to  the  conversion  of  the  keto  group  into  an  amino  group. 
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The  derivatives  of  3,^^ -diphenylbutylamine;  3^  ^-di-(^-methoxyphenyl) -butyl- 
amine  (XVl)  and  3- (methoxyphenyl) -6- (phenyl) -butylamine  (XV),  were  synthesized 
by  condensing  a-chloro-3- (^-methoxyphenyl) -ethane  and  a-chloro-3-phenylethane 
with  ^-methoxyphenylacetonitrile  in  anhydrous  toluene  with  sodamide.  The  result¬ 
ant  diphenyl  derivatives  of  butyronitrile  were  hydrogenated  with  Raney's  nickel 
to  the  respective  amines,  which  were  then  acetylated  to  their  acetyl  derivatives: 


a-Chloro-3-{4-methoxyphenyl) -ethane  was  prepared  from  4-methoxyphenyl- 
acetonitrile  by  saponifying  the  latter  to  4-methoxyphenylacetic  acid,  the  ethyl 
ester  of  which  was  reduced  with  metallic  sodium  in  alcohol  to  yield  4-methoxy- 
phenylethyl  alcohol.  The  latter  was  converted  into  a-chloro-3- (^-methoxyphenyl) - 
ethane  by  treating  it  with  phosphorus  pentachloride  in  anhydrous  benzene; 
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a-Chloro-3-phenylethane  was  prepared  similarly  from  the  3-phenylethyl  alcohol  aid 
phosphorus  penta chloride. 

The  derivatives  of  Y-keto-a^y-diphenylpropylene  were  synthesized  by  conden¬ 
sing  benzaldehyde  and  its  derivatives  with  acetophenone  and  substituted  acetophen¬ 
ones  : 


C4-+ 


y-Keto-y- (phenyl) -a- (4-methoxyphenyl) -propylene  (XXIIl)  and  y-keto-y- 
(phenyl) -a- (2-nltrophenyl) -propylene  (XVIl)  were  synthesized  by  condensing  aceto¬ 
phenone  with  4-methoxybenzaldehyde  and  2-nitrobenzaldehyde^  respectively.  The 
latter  was  prepared  by  oxidizing  2-nitrotoluene  with  chromic  oxide  in  acetic  acid 
and  acetic  anhydride  [s]. 

The  reaction  of  benzaldehyde  and  2-methoxybenzaldehyde  with  2-nitroaceto- 
phenone,  prepared  by  condensing  the  acid  chloride  of  2-nitrobenzoic  acid  with 
acetoacetic  ester  [lo],  yielded  y-keto- y- (2-nitrophenyl) -a- (phenyl) -propylene 
(XIX)  and  y-keto-y- (2-nitrophenyl) -a- (4-methoxyphenyl) -propylene  (XXl),  respect¬ 
ively,  Reduction  of  the  resulting  nitro  ketones  with  tin  and  hydrochloric  acid 
or,  even  better,  with  activated  iron  in  benzene  [ii]  yielded  the  corresponding 
amines:  y-keto-y-phenyl -a- (2-aminophenyl) -propylene  (XVIII);  y-keto- y- (2-amino- 
phenyl)  -a-  (phenyl)  -propylene  (XX) I  and  y-keto-y- (2-aminophenyl) -a- (^-methoxyphon- 
yl) -propylene  (XXIl),  which  served  as  the  initial  materials  for  our  research  on 
the  synthesis  of  the  tricyclic  compounds. 

EXPERIMENTAL 

g,  3-‘Diphenylethylamlne  hydrochloride  (Vlllj .  The  acid  chloride  of  phenyl- 
acetic  acid  was  prepared  by  reacting  36  g  of  phosphorus  trichloride  with  40  g  of 
phenylacetic  acid  dissolved  in  80  ml  of  absolute  benzene  and  then  boiling  the  re¬ 
action  mass  for  3»5  hours.  After  the  solvent  had  been  driven  out  of  the  benzene 
solution,  the  residue  was  distilled  in  vacuum,  yielding  27  g  (59^  of  the  theor¬ 
etical)  of  the  acid  chloride  of  phenylacetic  acid  with  a  b.p.  of  95-95*5*  a't 
l4  mm. 


Desoxybenzoin  was  synthesized  by  reacting  a  solution  of  5  g  of  the  acid 
chloride  of  phenylacetic  acid  in  25  ml  of  absolute  benzene  with  8.5  g  of  aluminum 
trichloride  at  room  temperature  [12].  This  yielded  5*4  g  of  desoxybenzoin  as 
slightly  yellowish  crystals  with  a  m.p.  of  54-55°*  Yield:  28^. 

The  hydrochloride  of  a, 3-diphenylethylamine  was  synthesized  by  heating  I.5 
g  of •  desoxybenzoin  and  3  g  of  anhydrous  ammonium  formate  for  4-5  hours  to  220- 
230“  in  a  metal  ampoule,  and  then  boiling  the  solid  reaction  mass  with  I5  ml  of 
a  20^  alcoholic  solution  of  potassium  hydroxide.  The  reaction  product  was  dis¬ 
tilled  with  steam,  and  the  distillate  was  acidulated  with  hydrochloric  acid  and 


871 


evaporated  until  it  began  to  crystallize.  The  resultant  a, 3-diphenylethylamine 
hydrochloride  had  a  m.p.  of  2^+7-248°  after  recrystallization  from  alcohol. 

Yield:  1  g  (56.5^  of  the  theoretical). 

4.57  mg  substance:  0.24  ml  N2  (22®,  7^0  mm).  Found  N 
Ci4Hi5N”HC1.  Computed  N  5.99- 

g- (4-Hydroxyphenyl) -g-phenylethylamine  (IX) .  I8.5  g  of  aluminum  trichloride 

vas  added  a  little  bit  at  a  time,  with  vigorous  stirring,  to  a  solution  of  10  g 
of  the  acid  chloride  of  phenylacetic  acid  and  6.1  g  of  phenol  in  50  g  of  nitro¬ 
benzene,  heated  to  80* .  Heating  was  then  continued  for  another  I5  minutes,  the 
mixture  was  cooled  to  50*,  the  dark-red,  syrupy  reaction  product  was  poured  into 
150  ml  of  water  acidulated  with  a  few  drops  of  concentrated  hydrochloric  acid, 
and  the  mixture  was  cautiously  heated  for  a  few  minutes.  The  reaction  product 
that  precipitated  upon  cooling  was  filtered  out,  washed  with  water,  and  recrys¬ 
tallized  from  dilute  alcohol.  This  yielded  5  g  of  3-keto-a-phenyl- 3- (4-hydroxy- 
phenyl)  -ethane,  with  a  m.p.  of  l4l-l42° .  Yield:  52.6^  of  the  theoretical. 

Synthesis  of  the  oxime  of  3-keto-a-phenyl-3- (4-hydi’oxyphenyl) -ethane:  1.2 
g  of  hydroxylamine  hydrochloride  and  1  g  of  sodium  carbonate  were  dissolved  in 
10  ml  of  water  and  added  to  5»5  g  of  3-keto-a-phenyl-3- (4-hydroxyphenyl) -ethane 
dissolved  in  80  ml  of  alcohol,  and  the  mixture  was  boiled  for  6  hours.  Then  the 
same  amounts  of  hydroxylamine  hydrochloride  (1.2  g)  and  sodium  carbonate  (l  g) 
were  added,  and  boiling  was  continued  for  another  6  hours.  The  solvent  was 
driven  off,  and  the  residual  oil  cyrstallized  upon  standing.  It  was  dissolved 
in  a  small  quantity  of  alcohol  and  poured  into  a  large  quantity  of  water.  Yield- 
of  the  oxime:  2.9  g  (78^  of  the  theoretical),  with  a  m.p.  of  85-86*. 

155  g  of  5«5^  sodium  amalgam  was  gradually  added,  with  constant  stirring, 
to  a  solution  of  2.9  g  of  the  oxime  in  29  ml  of  alcohol  acidulated  with  glhcial 
acetic  acid,  heated  to  60*,  care  being  taken  to  keep  the  mixture  acid.  When 
the  reaction  was  complete,  29  ml  of  water  was  added  to  the  hot  solution,  which 
was  allowed  to  cool;  then  another  29  ml  of  water  was  added,  and  the  mass  was 
allowed  to  stand  for  12  hours  until  all  the  unreacted  oxime  had  settled  out. 

The  filtered  solution  was  treated  with  concentrated  ammonia  until  its  reaction 
was  alkaline,  and  the  resultant  precipitate  was  desiccated  and  then  recrystal¬ 
lized  from  a  benzene-ligroin  mixture.  This  yielded  a- (4-hydroxyphenyl) -3- 
phenylethylamine  as  colorless  crystals  that  are  freely  soluble  in  alcohol  and 
benzene  and  slightly  soluble  in  ether  and  ligroin.  M.p.  106-107*.  Yield: 

1.8  g  (67^  of  the  theoretical). 

The  hydrochloride  of  the  amine,  prepared  by  reacting  an  alcoholic  solution 
of  the  base  with  an  ethereal  solution  of  hydrogen  chloride,  cons is Led  of  thin, 
colorless  crystals  with  a,m.p.  of  245-246°  after  recrystallization  from  an  alco¬ 
hol-ether  mixture.  They  were  freely  soluble  in  water  and  alcohol,  though  in¬ 
soluble  in  ether. 

5.25  mg  substance:  0.26  ml  Ng  (20°,  755  mm).  Found  N  5-65. 

Ci4Hi50N“HC1.  Computed  p.  N  5.62. 

g- (4-Methoxyphenyl) -3-phenylethylamine  (X) .  3-Keto-a-phenyl-3- (4-methoxy- 
phenyl) -ethane  was  prepared  from  1.9  g  of  anlsole  and  2.4  g  of  the  acid  chloride 
of  phenylacetic  acid  in  12  g  of  carbon  disulfide  by  adding  aluminum  chloride  to 
the  mixture  at  room  temperature  and  then  heating  the  mixture  for  an  hour  over  a 
water  bath  [13].  The  yield  of  3-keto-g-phenyl-3- (4-methoxyphenyl) -ethane,  with 
a  m.p.  of  7^-75°  after  recrystallization  from  alcohol,  was  1.2  g  (51^  of  the  . 
theoretical. 

The  oxime  of  3-keto-g-phenyl-3- (4-methoxyphenyl) -ethane  was  synthesized  by 
method  described  above,  by  twice  adding  a  solution  of  0.5  g  of  hydroxylamine 


hydrochloride  and  0.2  g  of  sodium  carbonate  in  4  ml  of  water  to  1  g  of  P-keto- 
a-phenyl-3-(4-methoxyphenyl) -ethane.  The  m.p,  of  the  oxime  was  109-110“  after 
recrystallization  from  80^  alcohol.  Yield:  0.72  g  (60^  of  the  theoretical). 

a- (4-Methoxyphenyl) -3-phenylethylamine  was  synthesized  by  reducing  O.5  g 
of  the  oxime  in  5  inl  of  alcohol  with  23  g  of  3*5')^  sodium  amalgam,  the  reaction 
mixture  being  acidulated  with  glacial  acetic  acid  and  heated  to  60“ .  The  reac¬ 
tion  product  was  recovered  and  purified  as  described  for  the  amine  (IX).  a- 
(4-Methoxyphenyl) -3-phenylethylamine  was  recovered  as  a  thick  oil  that  could  riot 
be  distilled  without  decomposition^  it  yielded  yellowish  crystalline  needles  of 
the  hydrochloride  when  reacted  with  an  ethereal  solution  of  hydrogen  chloride, 
and  fused  at  196-197“  after  double  recrystallization  from  an  alcohol-ether  mix¬ 
ture.  Yield;  0.4  g  (76^  of  the  theoretical). 

5.0  mg  substance:  0.24  ml  N2  (25°,  755  mm)-  Found  N  5*53o  Ci5Hi7N0‘’HCl. 

computed  N  5*56. 

g- (2,3-Diniethoxyphenyl) -P-phenylethylamine.  P-Keto-a-phenyl-3- (2,5-dimeth- 
oxyphenyl) -ethane  was  synthesized  by  reacting  3  g  of  the  acid  chloride  of  phenyl- 
acetic  acid  with  2.7  g  of  2,5-dlmethoxybenzene  in  I5  ml  of  carbon  disulfide  while 
4,5  g  of  aluminum  trichloride  was  gradually  added,  with  vigorous  stirring,  at 
room  temperature,  after  which  the  reaction  mass  was  heated  over  a  water  bath  for 
2.5-3  hours.  The  mixture  was  cooled,  20  ml  of  ice  water  and  2  ml  of  hydrochloric 
acid  were  added,  the  carbon  disulfide  and  the  unreacted  2,5-dimethoxybenzene  were 
driven  off  with  steam.  The  residue  was  chilled,  separated  from  the  aqueous  layer, 
and  treated  with  a  h'jo  potassium  hydroxide  solution.  The  thick  dark-yellow  oil 
crystallized  into  a  solid  mass.  Recrystallization  from  alcohol  yielded  2  g  of 
P-keto-a-phenyl-P- (2, 5-dlmethoxyphenyl) -ethane,  with  a  m.p.  of  46-48°.  Yield: 

40^  of  the  theoretical. 

The  reaction  of  1.9  g  of  3-keto-a-phenyl-3- (2, 5-dimethoxyphenyl) -ethane 
dissolved  in  alcohol  with  0.54  g  of  hydroxy lamine  hydrochloride  and  0.43  g  of 
sodium  carbonate  yielded  an  oily  oxime  that  crystallized  upon  standing.  The  ox¬ 
ime  of  P-keto-a-phenyl-3- (2, 5-dimethoxyphenyl) -ethane,  which  was  purified  by  pour¬ 
ing  a  concentrated  alcoholic  solution  into  a  large  quantity  of  water,  had  a  m.p. 
of  85-87°.  The  yield  was  1.6  g  (80^  of  the  theoretical). 

6.6  mg  substance:  O.3I  ml  N2  (l9°^  754  mm).  Found  N  5’34.. 

C16H17O3N.  Computed  N  5.I7. 

1  g  of  the  oxime  was  reduced  in  alcoholic  solution  with  44  g  of  3*5^  sodiuii 
amalgam  to  which  8.4  ml  of  glacial  acetic  acid  had  been  added.  This  yielded  0.8 
g  of  the  amine  base  as  a  very  thick,  yellowish  oil  that  formed  a  hydrochloride 
when  reacted  with  an  ethereal  solution  of  hydrogen  chloride:  recrystallization 
from  an  alcohol -ether  mixture  yielded  the  yellowish  crystals  of  the  hydrochloride, 
with  a  m.p.  of  l6l-l62°.  Yield:  85^  of  the  theoretical. 

4.055  Dig  substance:  O.17  ml  N2  (25°,  746  mm).  Found  N  4.60. 
Ci6Hi902N“HC1.  Computed  N  4.77. 

a,3-Di- (4-methoxyphenyl) -ethylamine  (XIl) .  Anisoln  was  synthesized  by  a 
benzoin  condensation  of  I5  g  of  anlsaldehyde  in  20  ml  of  alcohol  under  the  in¬ 
fluence  of  3  g  of  potassium  cyanide  dissolved  in  12  ml  of  water  [v].  The  melting 
point  of  the  resultant  anisoin  was  107-109° 

Desoxyanlsoin  was  synthesized  by  reducing  a  solution  of  2  g  of  anisoin  in 
8  ml  of  alcohol  by  heating  it  over  a  water  bath  with  1.8  g  of  tin  and  3  ail  of 
concentrated  hydrochloric  acid  and  adding  a  minute  crystal  of  copper  sulfate  . 
The  yield  of  desoxyanlsoin  was  1.6  g  (95^  of  the  theoretical);  m.p.  108-109°. 

The  oxime  of  desoxyanlsoin  was  prepared  by  reacting  1.6  g  of  desoxyanlsoin 
dissolved  in  5  ml  of  pyridine  with  0.46  g  of  hydroxy lamine  hydrochloride  -  boiling 


the  reaction  mixtiire  for  3  hours  over  a  water  hath  and.  adding  l6  ml  of  water. 

The  yield  of  the  oxime,  with  a  m.p.  of  118-120°,  was  1.6  g  (9^^  of  the  theor¬ 
etical)  . 

g, 3-Di- (4-methoxyphenyl) -ethylamine  was  synthesized  by  reducing  an  alco¬ 
holic  solution  of  lo6  g  of  the  oxime  with  70  S  of  5 •5']^  sodium  amalgam  to  which 
13  ml  of  glacial  acetic  acid  had  been  added.  The  amine  yield  was  1.3  g  of  color¬ 
less  crystals,  with  a  m.p.  of  97-98°  after  recrystallization  from  alcohol.  The 
base  was  readily  soluble  in  hot  alcohol,  slightly  soluble  in  ether,  and  Insoluble 
in  water. 

4.90  mg  substance:  O.25  ml  N2  (24°,  743  mm).  Found  N  5»40, 

C16H19O2N.  Computed  N  5*44. 

The  hydrochloride  of  a, 3-di-(4-methoxyphenyl) -ethylamine,  prepared  in  the 
usual  manner,  consisted  of  thin  colorless  crystals  with  a  m.p.  of  203-204°  after 
recrystallization  from  an  absolute  alcohol-ether  mixture,  which  were  freely  sol¬ 
uble  in  alcohol  and  hot  water  and  insoluble  in  ether. 

5.00  mg  substance:  0.22  ml  N2  (22°,  75^  mm).  Found  N  4.94. 

Ci6Hi902N“HC1.  Computed  N  4.77, 

g, g-Dl- (4-methoxyphenyl) -ethylacetamine  was  synthesized  by  reacting  the 
amine  base  (XIl)  with  a  tenfold  excess  of  acetic  aniiydi'ide  in  ice  water,  the  mix¬ 
ture  being  vigorously  agitated  and  chilled  with  ice.  The  crystals  that  formed 
were  filtered  out,  washed  with  water,  and  recrystallized  from  a  benzene-ligroin 
mixture^  m.p.  151-152°;  soluble  in  alcohol  and  benzene;  insoluble  in  ligroin. 

4.49  mg  substance:  0,20  ml  N2  (24°,  755  mm).  Found  N  4.94, 

C18H21O3N.  Computed  N  4.68, 

g-Phenyl-y- (2-chlorophenyl) -propylamine.  o^Chlorobenzyl  chloride  was  syn¬ 
thesized  by  exposing  a  boiling  mixture  of  30  g  of  o-chlorotoluene,  prepared  by 
a  Sandmeyer  reaction  [14],  and  1  g  of  phosphorus  pentachloride  to  anhydrous  chlor¬ 
ine  and  the  light  from  100-watt  lamp  until  the  temperature  of  the  mixture's  vapor 
reached  208-210° .  Vacuum  fractionation  of  the  reaction  product  yielded  30  g  of 
o-chlorobenzyl  chloride,  with  a  m.p.  of  86-90*  at  8  mm  [is].  Yield:  78^  of  the 
theoretical. 

38  g  of  diethyl  malonate  was  added  gradually,  with  constant  stirring,  to 
sodium  alcoholate,  prepared  with  5«7  g  of  sodium  and  II8  ml  of  absolute  alcohol,, 
and  36  g  of  o-chlorobenzyl  chloride  was  added  after  the  mixture  had  been  stlrrec’ 
for  20  minutes.  The  reaction  mass  was  heated  for  3  hours  over  a  water  bath,  the 
alcohol  was  driven  off  in  vacuum,  and  the  residue  was  decomposed  with  water  and 
extracted  with  chloroform.  The  solvent  was  then  driven  off,  and  the  residue  dis¬ 
tilled  in  vacuum.  The  diethyl  ester  of  o-chlorobenzylmalonic  acid  was  secured 
as  a  thick,  colorless  liquid,  which  was  readily  soluble  in  all  organic  solvents, 
though  insoluble  in  water,  and  had  a  b.p.  of  175-176°  at  6  mm.  The  yield  was 
36  g,  (62^  of  the  theoretical) .  » 

dil  1,187;  n^s  lo5039;  MRp  71o4;  computed  71o2. 

The  residue  in  the  distilling  flask  crystallized  into  a  solid  crystalline 
mass.  Repeated  recrystallization  from  alcohol  yielded  colorless  crystals  of 
g,3-2,2' -dichlorodiphenylethane,  with  a  b.p.  of  250°  at  6  mm  and  a  m.p.  of  65*. 

o-Chlorophenylpropionic  acid  was  synthesized  from  38  g  of  the  diethyl 
ester  of  o-chlorobenzylmalonic  acid  by  saponifying  the  latter  by  boiling  it  with 
200  ml  of  concentrated  hydrochloric  acid  and  100  ml  of  water  for  13  hours.  The 
crystals  that  settled  out  when  the  reaction  mixture  cooled  were  dissolved  in 
10^  sodium  hydroxide,  the  solution  was  washed  with  chloroform,  and  the  acid  was 
recovered  by  adding  hydrochloric  acid.  o-Chlorophenylproplonic  acid  consisted 


of  minute  colorless  crystals;  Its  melting  point  was  91-93“  after  recrystalliza¬ 
tion  from  ligroin.  Its  yield  was  l6  g  (72^  of  the  theoretical). 

Acid  chloride  of  o-chlorophenylpropionic  acid.  This  was  prepared  hy  react¬ 
ing  10  g  of  chlorophenylpropionic  acid  with  11  g  of  phosphorus  pentachloride,  and 
heating  the  mixture  to  l40-l60®  for  4  hours  after  the  violent  reaction  had  sub¬ 
sided.  Distillation  of  the  reaction  mass  in  vacuum  yielded  the  acid  chloride  as 
a  highly  mobile,  colorless  mass  with  a  b.p,  of  130-135“  at  10  mm,  which  turned 
dark  rapidly  when  exposed  to  the  air.  Yield:  7*5  8  (70^  of  the  theoretical). 

dig  1.278;  np^  1.546.  MRj-j  50<'1955  computed  49-906. 

Five  grams  of  the  acid  chloride  of  o-chlorophanylproplonic  acid  was  dissolv¬ 
ed  in  40  ml  of  absolute  benzene  and  treated  for  an  hour  with  10  g  of  aluminum 
trichloride  added  in  small  batches,  with  constant  stirring,  after  which  the  reac¬ 
tion  mass  was  set  aside  to  stand  overnight.  The  next  day  it  was  decomposed  with 
water  and  extracted  with  ether.  The  extract  was  washed  with  alkali  and  with  water 
until  its  reaction  was  neutral,  the  ether  was  driven  off,  and  the  residue  was 
distilled  in  vacuum,  y-'^eto- y.-phenyl -a- (2-chlorophenyl) -propane  distilled  at 
200-205°  and  12  mm  as  a  light-yellow  oil,  which  slowly  crystallized  when  left  for 
a  long  time  in  a  vacuum  desiccator.  Double  recrystallization  from  alcohol  yielded 
colorless  crystals  with  a  m.p.  of  39-40“,  which  were  freely  soluble  in  ether, 
benzene,  and  hot  75^  alcohol,  but  were  insoluble  in  water.  Yield:  1.3  8  (21.5% 
of  the  theoretical). 

The  oxime  of  y>-keto-y-phenyl-a- (2-chlorophenyl) -^propane  was  synthesized  by 
twice  adding  0.3  g  of  hydroxy lamine  hydrochloride  and  1.8  g  of  sodium  carbonate 
in  4  ml  of  water  to  1  g  of  y-keto-y-phenyl -a- (2-chlorophenyl) -propane  dissolved 
in  24  ml  of  alcohol.  The  mixture  was  heated  for  10  hours  over  a  water  bath,  the 
alcohol  was  driven  off,  and  the  oxime  settled  out  as  a  light-yellow  oil  that 
crystallized.  After  recrystallization  from  dilute  alcohol,  the  oxime  of  y-keto- 
y-phenyl  -a-  (2-chlorophenyl)  -propane  consisted  of  colorless  crystals  with  a  m.p. 
of  103-104°.  Yield:  O.54  g  (51%  of  the  theoretical). 

5.93  ni8  substances  0.28  ml  Ng  (22‘|’,  754  mm).  Found  %:  N  5-32. 

C15H14ONCI.  Computed  %:  N  5.39o 

g-Phenyl-Y- (2-chlorophenyl) -propylamine  was  prepared  by  reducing  O.5  g  of 
the  oxime  in  6  ml  of  alcohol  at  4o4^0^  with  22  g  of  3 *5%  sodium  amalgam  to  which 
7  ml  of  glacial  acetic  acid  had  been  added.  Alkalinizing  the  reaction  solution 
with  ammonia  yielded  the  base  of  the  synthesized  amine  as  a  thick  viscous  oil 
that  could  not  be  distilled  in  vacuum  without  decomposition.  Reacting  an  alco¬ 
holic  solution  of  the  base  with  an  ethereal  solution  of  hydrogen  chloride  yielded 
the  crystalline  hydrochloride  of  a-phenyl-y- (2-chlorophenyl) -propylamine,  which 
had  a  m.p.  of  200-200,5“  after  recrystallization  from  an  alcohol-ether  mixture; 
Yield;  0.5  g  (55%  oY  4he  theoretical). 

4.26  mg  substance:  O.I92  ml  Ng  (22°,  744.5  mm).  Found  %:  N  ^.00. 

CisHieNCl-HCl,  Computed  %s  N  4.96. 

3,  Y-Pi- (4-methoxyphenyl) -butylamine  (XVl) .  44  g  of  4-methoxyphenylaceto- 

nitrile,  prepared  by  a  method  we  had  developed  previously  [1],  and  74  g  of  a  30% 
solution  of  sodium  hydroxide  were  heated  to  100-110*  for  10  hours  over  an  oil 
bath,  with  constant  stirring;  the  53  nil  of  water  was  added,  and  the  heating  and 
stirring  were  continued  until  no  more  ammonia  was  evolved.  The  unreacted  nitrile 
was  extracted  from  the  reaction  mass  with  benzene,  and  the  mass  was  acidulated 
with  dilute  sulfuric  acid.  The  precipitated  4-methoxyphenylacetic  acid  has  a 
m.p.  of  84-86°  after  desiccation.  Yield:  88-89%. 

The  ethyl  ester  of  4-methoxyphenylacetic  acid  was  prepared  in  the  usual 
manner,  by  ester Ifying  24.6  g  of  the  acid  in  74  g  of  ethyl  alcohol  by  boiling  it 
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with  1.4  g  of  concentrated  sulfuric  acid  with  constant  stirring  for  7  houi's.  Af¬ 
ter  the  alcohol  had  been  driven  off,  the  resultant  ester  was  recovered  by  pouring 
the  reaction  mass  into  water,  separating  the  resultant  oil,  washing  it  with  a 
weak  solution  of  soda  and  with  water,  desiccating  it  in  an  ether  solution  above 
sodium  sulfatej  then  the  solvent  was  driven  off,  and  the  residue  was  distilled  in 
vacuum.  The  yield  of  the  ethyl  ester  of  4-methoxyphenylacetic  acid,  with  a  b.p. 
of  159-141*  at  7  nim,  was  20.7  g  (76^  of  the  theoretical). 

4-Methoxyphenylethyl  alcohol  was  synthesized  by  reducing  17 ■>5  g  of  the 
ethyl  ester  of  4-methoxyphenylacetlc  acid  with  12,8  g  of  sodium  in  71  ml  of  abso¬ 
lute  alcohol.  The  yield  was  6,7  g  (54.5^) j  b.p,  l45-l47°  at  7  mm- 

g-Chloro-P- (4-methoxyphenyl) -ethane  was  synthesized  by  reacting  7*4  g  of 
4-methoxyphenylethyl  alcohol  dissolved  in  15  ml  of  anhydrous  benzene  with  a  mix- 
tin?e  of  10.4  g  of  phosphorus  pentachloride  and  15  ml  of  anhydrous  benzene  [le]. 

The  solvent  was  driven  off,  and  the  residue  was  distilled  in  vacuum.  This  yielded 
5  g  of  a-chloro-3- (4-methoxyphenyl) -ethane  (60^  of  the  theoretical),  with  a  b.p. 
of  102-105*  at  7  mm, 

1,1  g  of  sodamide  was  gradually  added,  with  constant  stirring,  to  4  g  of 
a-chloro-3- (4-methoxyphenyl) -ethane  and  5-8  g  of  4-methoxyphenylacetonitrile, 
dissolved  in  20  g  of  anhydrous  toluene,  so  as  to  keep  the  temperature  from  rising 
higher  than  30-40°;  the  mixture  was  then  gradually  heated  to  boiling  and  boiled 
for  1  hour  with  constant  stirring.  60  ml  of  water  was  added  to  the  reaction 
mass  after  it  had  cooled,  the  toluene  layer  was  separated,  the  aqueous  solution 
was  twice  extracted  with  small  quantities  of  toluene,  and  the  combined  extracts 
were  desiccated  above  sodium  sulfate.  The  solvent  was  driven  off,  and  the  resid¬ 
ual  thick  oil  was  treated  with  alcohol,  yielding  a  crystalline  product  with  a 
m.p.  of  71-74*  that  was  insoluble  in  water  or  cold  alcohol,  sparingly  soluble  in 
ether,  and  freely  soluble  in  hot  alcohol.  Double  recrystallization  from  alcohol 
yielded  the  colorless  lamellar  crystals  of  a, y-di- (4-methoxyphenyl) -butyronitrile, 
with  a  m.p,  of  75-74°.  Yield;  2,15  g  (43^  of  the  theoretical). 

4.575  mg  substance:  0.21  ml  N2  (18'’’,  746  mm).  Found  N  5*25» 

C18H19O2N.  Computed  ’joi  N  4.98. 

3 , 6-Di- (4-methoxyphenyl ) -butylamine  was  synthesized  by  hydrogenating  1  g 
of  the  nitrile  dissolved  in  60  ml  of  alcohol  with  1  g  of  Raney's  nickel  at  a 
pressure  of  1.8  atm  for  10  hours  at  a  temperature  of  50-60“  with  effective  stir¬ 
ring.  The  hydrogen  absorbed  was  87^  of  the  calculated  amount.  The  catalyst  was 
filtered  out  of  the  reaction  mass,  the  alcohol  was  driven  off,  the  residue  was 
treated  with  ether  to  eliminate  the  unreacted  nitrile,  and  che  base  was  recovere-” 
by  adding  potash.  After  the  extracts  had  been  desiccated  over  sodium  sulfate, 
the  ether  was  driven  off;  the  residue  consisted  of  3^6-di- (4-methoxj’p)henyl) - 
butylamine,  a  very  thick,  viscous  yellow  oil,  which  crystallized  slowly  when  lefi 
to  stand  for  a  long  time  in  a  vacuum  desiccator.  It  is  insoluble  in  water,  and 
freely  soluble  in  ether  and  hot  alcohol.  Yield:  0,4  g  (40^  of  the  theoretical) 

0.0541  g  substance:  0,1498  g  CO2;  O.O585  g  H2O.  5*1  mg  substance: 

0.225  ml  N2  (25°,  746.5  mm).  Found  C  75»51j  H  7.91; 

C18H23O2N.  Computed  C  75.79;  H  8,07;  N  4,91, 

Heating  0.5  g  of  the  amine  (XVl)  with  1  g  of  acetic  anhydride  over  a  water 
bath  for  1,5  hours  and  driving  off  the  excess  acetic  anhydride  and  acetic  acid 
in  vacuum  yielded  a  thick  yellow  oil;  after  it  had  been  washed  with  water  and 
dissolved  in  ether,  the  ether  solution  desiccated  above  sodium  sulfate,  and  the 
solvent  driven  off,  it  could  not  be  distilled  in  a  4-mm  vacuujn  without  decompos¬ 
ing.  Analysis  indicated  that  it  was  the  diacetyl  derivative  of  the  amine. 

0,265  mg  substance:  0,225  ml  N2  (25*,  745  mm).  Found  N  3.93" 

C22H27O4N.  Computed  N  3-80, 
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The  monoacetyl  derivative  -  3,  (f>di- (4-methoxyphenyl) -acetamine  -  was  syn¬ 
thesized  hy  treating  the  diacetyl  derivative  with  10  ml  of  an  alcoholic  solution 
of  potassium  hydroxide  for  5  hours  over  a  boiling  water  bath.  The  oil  recovered 
after  the  solvent  had  been  driven  off  was  purified  by  boiling  it  with  petroleum 
ether.  Freely  soluble  in  ether  and  alcohol^  insoluble  in  petroleum  ether,  decom¬ 
poses  when  distilled  at  4  mm. 

5.02  mg  substances  0.19  ml  N2  (25°,  753-5  mm).  0.2860  g  substance:  1.8  ml 

0.5  N  KOH.  Found  N  4.195  CH3CO  15-5^ (Perkin) . 

C20H25O3N.  Computed  N  4.25;  CH3CO  15.15- 

P- (4-Methoxyphenyl) -  6-phenylbutylamine  (XV).  a-Chloro-P-phenylethane  was 
prepared  from  7-6  g  of  phenylethyl  alcohol  dissolved  in  I5  ml  of  anhydrous  benz¬ 
ene  and  a  mixture  of  10,4  g  of  phosphorus  pentachloride  and  15  ml  of  anhydrous 
benzene.  The  yield  of  a-chloro-3-phenylethane  was  6.5  g  (74.5^  of  the  theoret-  ■ 
ical);  b.p.  91~95*  at  20  mm. 

g-  (4-Methoxyphenyl)  -  y-  (phenyl.)  -butyronitrlle  was  synthesized  by  condensing 

6.5  g  of  a-chloro-3-phenylethane  with  7-o  g  of  4-methoxyphenylacetonitrile  in  35 
g  of  anhydrous  toluene  to  which  1.8  g  of  sodamide  had  been  added,  as  described 
in  the  synthesis  of  the  nitrile  of  a, y-di- (4-methoxyphenyl) -butyronitrlle .  This- 
yielded  2.7  g  (23.3^  of  the  theoretical)  of  a- (4-methoxyphenyl) -y- (phenyl) •rbutyro- 
nitrile,  a  syrupy  mass  that  was  freely  soluble  in  ether  and  alcohol,  but  insol¬ 
uble  in  water . 

4.6  mg  substance:  0.24  ml  N2  (25°,  745-5  ram).  Found  N  5-71- 

C17H17ON.  Computed  N  5-57- 

2.7  g  of  the  nitrile  was  hydrogenated  in  100  ml  of  alcohol  at  a  pressure 
of  1.8  atm  with  Raney's  nickel  for  11  hoxirs  at  6O-65*  with  constant  stirring, 

75^  of  the  calculated  quantity  of  hydrogen  being  absorbed.  The  reaction  product 
was  isolated  as  described  in  the  synthesis  of  the  amine  (X'/I) .  This  yielded  0.8 
g  (30^  of  the  theoretical)  of  p- (4-methoxyphenyl) -6-phenylbutylamine,  a  thick, 
syrupy  oil  that  was  insoluble  in  water,  though  soluble  in  organic  solvents. 

6  mg  substance:  O.305  ml  N2  (25°,  746  mm).  Found  N  5-66. 

C17H21ON,  Computed  N  5-^9- 

P  - (4-Methoxyphenyl) - /s-phenylbutylacetamine .  Acetylation  of  0.7  g  of  the 
amine  (XV)  with  2  ml  of  acetic  anhydride  yielded  0.6  g  of  a  thick,  yellow,  syrunv 
oil  that  was  freely  soluble  in  alcohol,  ether,  benzene,  and  acetone,  slightly 
soluble  in  petroleum  ether,  and  insoluble  in  water, 

6.4  mg  substance:  0,285  ral  N2  (24*,  75^*  mm).  0.2024  g  substance:  1.4l 
ml  0.5  N  KOH.  Found  N  4.9I5  CH3CO  l4.97  (Perkin). 

C19H28O2N.  Computed  N  4.725  CH3CO  14.47. 

y-Keto-  Y-phenyl-g- (4-methoxyphenyl) -propylene  (XXIIl) .  A  solution  of  sod¬ 
ium  methylate,  prepared  from  O.38  g  of  sodium  and  3-5  ral  of  absolute  methanol, 
was  gradually  added,  with  chilling  and  constant  stirring,  to  a  mixture  of  5  g  of 
4  methoxybenzaldehyde  dissolved  in  20  ml  of  absolute  alcohol  and  5  ral  of  aceto¬ 
phenone  dissolved  in  20  ml  of  absolute  alcohol.  The  reaction  mass  was  allowed 
to  stand  in  a  cold  place  for  24-25  hours.  The  resultant  precipitate  was  filter¬ 
ed  out  and  washed  with  absolute  ether.  Recrystallization  from  alcohol  yielded 
light-yellow  crystals  with  a  m.p.  of  75-75-5" »  The  yield  was  5  8  (57^^>  of  the 
theoretical) . 

g-Phenyl-  Y- (4-methoxyphenyl) -Y- (amino) -propylamine  (XXIV) .  1  g  of  Y-keto-y- 
phenyl -a- (4-methoxyphenyl) -propylene  (XXIIIj  was  heated  in  a  metallic  ampoule  to 
220-230"  for  5  hours  with  2  g  of  anhydrous  ammonium  formate.  The  solid  reaction 
mass  was  boiled  with  10  ml  of  20^  alcoholic  potassium  hydroxide  and  then  distilled 
with  steam,  the  distillate  being  acidulated  with  hydrochloric  acid  and  evaporated 


to  dryness.  The  resultant  crystals  of  the  dihydrochloride  had  a  m.p.  of  205-207“ 
after  recrystallization  from  absolute  alcohol.  Yield;  0.55  g  (25^  of  the  theor¬ 
etical)  . 

5.25  mg  substance:  O.388  ml  N2  (l9“^  7^5  mm).  Found  N  8.35* 

Ci6H2o0N2“2HC1o  Computed  N  8.5I. 

Y -Keto-Y-phenyl-g- (2-nitrophenyl) -propylene  (XVIl) .  This  was  synthesized 
from  a  mixture  of  3  g  of  o-nitrobenzaldehyde  in  12  ml  of  absolute  alcohol  and  2.9  g 
of  acetophenone  in  13  ml  of  absolute  alcohol  with  sodium  methylate  (O.52  g  of 
sodium  and  3*2  g  of  absolute  methanol),  by  the  method  used  for  synthesizing  the 
ketone  (XXIIl) .  Recrystallization  from  alcohol  yielded  light  yellow  crystals  with 
a  m.p.  of  119-120°,  which  are  freely  soluble  in  benzene  and  alcohol,  but  are  in¬ 
soluble  in  water  and  ether.  Yield:  2.2  g  {kh’^  of  the  theoretical). 

5.86  mg  substance:  0.295  ml  N2  (22°,  75^  mm).  Found  N  5«65* 

C15H11O3N.  Computed  N  5*53* 

Y-Keto- Y-phenyl-g- (2-aminophenyl) -propylene  (XVIIl) .  This  was  synthesized 
by  reducing  a  boiling  solution  of  2  g  of  the  nitro  ketone  (XVIl)  in  ^5  ml  of  abso¬ 
lute  benzene  by  gradually  adding,  with  constant  stirring,  20  g  of  activated  cast- 
iron  filings  (previously  processed  with  5  ml  of  concentrated  hydrochloric  acid  and 
dried  in  a  vacuum  desiccator) .  After  the  filings  had  been  added,  the  reaction 
mixture  was  stirred  for  half  an  hour,  1  ml  of  water  was  added,  and  another  7  ml 
of  water  was  added  in  the  course  of  7  hours  of  boiling  and  stirring.  The  cast- 
iron  filings  were  filtered  out  and  washed  twice  with  hot  benzene.  A  stream  of 
hydrogen  chloride  was  passed  through  the  chilled  combined  benzene  extracts  un¬ 
til  saturation  was  complete,  and  the  precipitated  hydrochloride  of  the  amine  was 
filtered  out  and  washed  with  absolute  benzene.  Light-yellow  needles  with  a  m.p. 
of  109-110°,  soluble  in  alcohol  or  hot  water,  and  insoluble  in  ether  or  benzene. 
After  the  hydrochloride  was  filtered  out  of  the  benzene,  the  solvent  was  evapor¬ 
ated,  yielding  0.9  g  of  the  unreacted  nitro  ketone,  with  a  m.p.  of  119-120°. 

The  ^ield  of  the  hydrochloride  of  yketo-y-phenyl-a- (2-aminophenyl) -propylene 
was  0.9  g  (80^  of  the  theoretical,  based  on  the  nitro  ketone  entering  the  reac¬ 
tion)  . 

5.83  mg  substance:  0.29  ml  N2  (21°,  7^5  mm).  Found  N  5*55* 

C15H14ONCI.  Computed  N  5*^0. 

Treating  an  aqueous  solution  of  the  hydrochloride  with  potash  and  then 
extracting  repeatedly  with  ether  yielded  light-yellow  crystals  of  the  amine  bas.- 
M.p.  96-97*  after  recrystallization  from  70^  alcohol.  Yield:  O.65  g  (85^  of 
the  theoretical). 

4.635  mg  substance:  0.26  ml  N2  (l8°,  7^1  mm).  Found  N  6.3I. 

C15H13ON.  Computed  N  6.28. 

Y-Keto-Y- (2-nltrophenyl) -g-phenylpropylene  (XIX) .  Like  the  ketone  (XXIIl) , 
this  was  synthesized  from  a  mixture  of -1.03  g  of  benzaldehyde  dissolved  in  5  ml 
of  absolute  alcohol,  1,6  g  of  o-nitroacetophenone  dissolved  in  5  ml  of  absolute 
alcohol,  and  a  sodium  methylate  solution  (0.I9  g  of  sodium  in  2  g  of  absolute 
methanol)  as  colorless  crystals  with  a  m.p.  of  123-124°  after  recrystallization 
from  alcohol.  Readily  soluble  in  alcohol  or  benzene,  sparingly  soluble  in  ether, 
and  insoluble  in  water.  Yield:  1.8  g  (75*5^  of  the  theoretical). 

3  mg  substance:  O.I55  ml  N2  (21°,  734  mm).  Found  %  N  5.68. 

C15H1XO3N.  Computed  N  5<>53* 

o-Nitroacetophenone  was  prepared  by  condensing  the  acid  chloride  of  o-nitro-- 
benzoic  acid  with  sodium  acetoacetate . 

Y-Keto-Y- ('2-aminophenyl) -g-pheriylpropylene  (XX) 


This  was  synthesized  as  the 


hydrochloride  by  reducing  3  g  of  the  nitro  ketone  (XIX)  in  65  ml  of  absolute 
benzene  with  50  g  of  activated  cast-iron  filings  as  has  been  described  above  foi' 

Y -keto-Y-phenyl -a- (2-aminophenyl) -propylene.  Dark  red  crystals  with  a  m.p.  of 
I82-I85*,  soluble  in  alcohol  and  in  hot  water,  insoluble,  in  ether  or  benzene. 

The  yield  was  1.3  g  (T0'^>  based  on  the  nitro  ketone  entering  the  reaction).  (1.2 
g  of  the  original  ketone  was  recovered) . 

4.1  mg  substances  0.21  ml  N2  (21®,  734  mm).  Found  N  5'63» 

C15H14ONCI.  Computed  ^s  N 

Y-Keto-  Y-  (2-nitrophenyl) -g- (4-methoxyphenyl) propylene  (XXl) .  This  was 
synthesized  by  the  method  described  above,  using  1.^  g  of  4-methoxybenzaldehyde 
dissolved  in  5  ml  of  absolute  alcohol,  1.9  g  of  o-nitroacetophenone,  in  a  solu¬ 
tion  of  sodium  methylate  (O.19  g  of  sodium  in  2  ml  of  methanol) 5  the  yield  was 

I. 6  g  (50^  of  the  theoretical)  of  light-yellow  crystals,  sparingly  soluble  in¬ 
ether  and  freely  soluble  in  hot  alcohol.  M.p.  98-99*  after  recrystallization 
from  alcohol, 

3.56  mg  substances  0,165  ml'  N2  (20°,  744  mm).  Found  N  5*19* 

C16H13O4N.  Computed  ^s  N  4.94. 

Y-Keto- Y- (2-aminophenyl) -a- (4-methoxyphenyl) -propylene  (XXIl) .  The  reducv 
tion  of  1,6  g  of  the  nitro  ketone  (XXl)  with  2.5  g  of  metallic  tin,  13  g  of  20^ 
hydrochloric  acid  being  added  gradually  and  the  whole  being  heated  to  7O-8O* 
for  3  hours  with  constant  stirring,  yielded  a  thick  viscous  mass  that  solidified 
upon  cooling.  The  reaction  product  was  recovered  from  the  acid  solution,  dis¬ 
solved  by  heating  in  alcohol,  filtered,  and  treated  with  ether  after  it  had 
cooled.  The  precipitated  yellow  crystals  of  the  hy^cchloride  of  Y-keto-Y-(2- 
aminophenyl)- a- (4-methoxyphenyl) -propylene  was  freely  soluble  in  alcohol  or 
hot  water,  but  insoluble  in  ether  or  benzene.  The  melting  point  was  222-224* 
after  refining  from  a  mixture  of  alcohol  and  benzene.  Yield:  O.5  g  (30^  of  the 
theoretical) . 

4,09  mg  substance;  0,17  ml  N2  (22°,  752  mm).  Found  N  4.64. 

^^16Hi602NC1.  Computed  N  4.83. 

SUMMARY 

A  description  is  given  of  the  synthesis  of  compounds  that  contain  the 
proved  or  hypothetical  elements  of  the  structuie  of  the  alkaloid  colchicine. 

The  following  compounds  have  been  synthesized: 

I.  Derivatives  of  a,3-diphenylethylamine:  a- (4-hydroxyphenyl) -P-phenyl- 
ethylamine;  a- (4-methoxyphenyl) -3-phenylethylamine;  a- (2,5-dimethoxyphenyl) -3- 
«  phenylethylamine ;  and  a,  (3-dl- (4-methoxyphenyl )-ethylamine. 

II.  Derivatives  of  a, Y-diphenylpropylamine ;  a- (phenyl) -y- (2-chlorophenyl) - 
^  propylamine  and  a- (phenyl) -y- (4-methoxyphenyl) -y- (amino) -propylamine, 

III.  Derivatives  of  3, 6- (diphenyl) -butylamlne:  3 ^  *^dl- (4-methoxyphenyl) - 
butylamine  and  3- (4-methoxyphenyl) -6- (phenyl) -butylamlne. 

IV.  Derivatives  of  Y-heto-a,  Y-diphenylpropylene:  Y-keto-Y-phenyl-a-(4- 
methoxyphenyl) -propylene j  Y-keto- Y-phenyl -a- (2-nitrophenyl) -^propylene;  Y»-keto- 
Y-phe^yl-*^- (2-aminophenyl)  -propylene^  Y-keto-Y- (2-nitrophenyl -a- (phenyl) -propyl¬ 
ene;  Y-keto-Y-(4-aminophenyl) -a- (phenyl) -propylene;  Y-keto-Y-(2-nitrophenyl)- 
a- (4-methoxyphenyl) -propylene;  and  Y -keto- y- (2-amlnophenyl) -a  (4-methoxyphenyl ) - 
{Jropylene, 
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